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Het maken van goede betonwaren eist 
studie en proefnemingen. Die kunnen slechts 
gebaseerd worden op volkomen constante 
cement van altijd dezelfde maalfijnheid. Het 
is geen toeval dat steeds meer betonwaren- 
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De GHH- transportabele hydraulische spaninrichting 


betekent vlugger en veiliger stutten! 


Het gebruik van de hamer, met de daaraan verbonden risico’s, is overbodig. 
De GHH stempels met torsieslot zijn instelbaar voor iedere gewenste 
belasting. 


Het roven van de stempel kan op afstand geschieden (door middel van 
een trekkabel). Bovendien waarborgt het torsieslot minimale slijtage en 
onderhoud. Door eenvoudige constructie en relatief gering gewicht: 
goedkoop. Vraag ons prijsopgave voor GHH torsiestempels en GHH 
kappen. 


ROLLO NV. - ALEXANDERSTRAAT I0 - DEN HAAG 


BIUKANTOOR VOOR LIMBURG: DIPL ING. F. J. HUNDSCHEID, AKERSTRAAT 130A, HEERLEN 


De 
“ 


ÜBER TACE 


Im Werk Butzbach der Pintsch Bamag AG. planen und ba 
erfahrene Fachleute folgende Anlagen, Einrichtun® 

und Maschinen zur Aufbereitung und Weiterverarbeitung 
Kohle und Kı# 


AUFBEREITUNGSANLAGN 


wie Kohle-Mahl- und -Mischanlagen, Koks-Brech- und | 
-Siebanlagen. | 


MASCHINEN FÜR ZERKLEINERUNG UND SIEBU!( 


Prall-Hammermühlen, Zwei- und Dreiwalzenbrecher, | 
Backenbrecher; Siebanlagen als Resonanz- oder 
Resonanz-Freischwingsiebe für Vorsiebung, Klassierung 
und Nachsiebung, 
KOKSÖFEN-BEDIENUNGSMASCHIN]N 
Kohlenfüllwagen, Kombinierte Kohlestampf-, Einsetz-, | 
Türabhebe- und Ausdrückmaschinen, | 
Koksausdrückmaschinen mit Türabhebe- und Planierein- ' 
richtung, Kokskuchenführungswagen, Kokslöschwagen. ! 
ELEKTROMAGNET-BANDSCHEID!I 


zum Ausscheiden von Eisenteilen ; 

aus Massegütern, wie 
z.B. Kohle, Erz und Schlacke. | 
i 


PINTSCH BAMAC 


AKT E..NZEGIZEZESIIE. 1. DEISS CHEN ZZIEEE 


39e JAARGANG, NR 6 


JUNI 19680 


GEOLOGIE EN MINBOUW 


POST-GLACIAL RISE OF SEA-LEVEL IN THE NETHERLANDS 
(A PRELIMINARY REPORT) 


S. JELGERSMA! and A. J. PANNEKOEK? 


ABSTRACT 


About 40 radiocarbon datings have been made on 
peat samples directly overlying the inclined Pleistocene 
surface at various depths in the coastal region of the 
Netherlands. As peat will have started to grow as soon 
as the ground-water level reached the Pleistocene 
surface, and assuming that the rise of ground-water was 
determined by the post-glacial rise of sea-level, these 
datings may serve to establish a curve of. the relative 
rise of the sea-level. It shows the well-known strong rise 
before 6000 B.P., and a slower rise afterwards. This 
slow rise may be partly a consequence of tectonic sub- 
sidence. The remaining fluctuations are only small, 
which is not in accordance with Fairbridge’s curve 
(1958). Additional radiocarbon datings give the times 
of later marine transgressions and regressions, which 
sie partly determined by the formation of offshore 
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INTRODUCTION AND ACKNOWLEDGEMENTS 

During the last few years a great number of 
radiocarbon datings have been made on Holocene 
(Recent) peat samples from various depths in the 
Netherlands. The samples were obtained from 
many borings made specially for this purpose, or 
from outcrops in deep excavations. The geological 
part of the work was done by the Netherlands 
Geological Survey at the request of ihe Depart- 
ment of Public Works (‘Rijkswaterstaat, directie 
Algemene Dienst‘). As the peat layers directly 
overlying the inclined Pleistocene surface are 
assumed to have started to grow under the 
influence of a rising sea-level, the radiocarbon 
datings supply information on the relative post- 
glacial rise of the sea-level in this area. 


1 Geological Survey of the Netherlands, temporarily 
at the Department of Geology, University of Minnesota. 
2 Professor of Physical Geology, University of Bed 
formerly director of the Geological REIT, 


The field and laboratory work, including part 
of the pollen analyses, were entrusted to the first 
author; additional pollen analyses were made by 
Dr. W.H. Zagwijn of the Geological Survey. The 
radiocarbon datings were done at the University 
of Groningen under supervision of the late Pro- 
fessor Hl. de Vries. The present preliminary note 
was compiled at the request of the director of the 
Geological Survey by the second author, who 
acted as advisor, and supplemented by Miss Jel- 
gersma, who is for the present at the University 
of Minnesota. The complete results will be 
published in full at a later time. 

The authors are indebted to the Geological 
Survey and the Department of Public Works for 
permission to publish this preliminary paper. 


METHODS AND SOURCES OF ERRORS 

In the coastal area of the Netherlands the 
surface of the Pleistocene subsoil, which consists 
of eolian or fluvial sands, has an irregular sea- 
ward slope below the Recent deposits, down to 
more than 20 m below the present sea-level (fig. 
1 A). The Pleistocene sand is nearly everywhere 
covered by a layer of peat, which in many places 
is overlain by tidal flat deposits. It has long been 
known that the peat is progressively younger with 
decreasing depth of the Pleistocene surface. The 
current explanation is that the peat started to 
grow as soon as the ground-water in the sandy 
Pleistocene of the coastal zone reached the surface 
of the sand, and that this ground-water rose con- 
currently with the rising sea-level. Accordingly, 
the idea behind the present investigation was to 
make radiocarbon datings of the base of the peat 
which directly overlies the Pleistocene sand at 
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various depths, and, by plotting time against 
depth, to obtain points lying on a curve of the 
rise of the ground-water which is related in some 
way to the rise of the sea-level. About 40 radio- 
carbon datings were used for this purpose, ranging 
in age from 9315 to 1460 years before the 
present (B.P.). 

The points obtained in this way only show the 
relative rise of sea-level, in which the effects of 
the true eustatic rise of sea-level and the tectonic 
subsidence of the area are combined . 

Care had to be taken to avoid numerous sources 
of possible errors. 

In order to avoid-the effect of compaction, 
only the base of the lower peat has been used for 
this purpose, because the underlying Pleistocene 
sands are practically not subject to compaction. 
Additional datings were made at the base and 
the top of higher peat layers to determine the 
times of later marine transgressions and re- 


Uears before present 
Or 


gressions, but their depths cannot be used for the 
curve of sea-level rise because of the strong 
compaction of the underlying peat and clay. 

For datings only peats consisting of Phragmites, 
Phragmites-Carex, and Swamp forest (mostly 
Alnus) were used, because these peats can only 
grow if the ground-water is near the surface. Peat 
layers consisting of Sphagnum peat, which is not 
dependent on ground-water for its growth, were 
discarded. 

Most of the samples were taken at places near 
the coast, especially at places where the Pleisto- 
cene subsoil has a considerable slope. This avoids 
the possibility of using peat grown in local 
depressions or irregularities in the subsoil where 
the ground-water might have collected inde- 
pendent. of the sea-level. It was necessary to 
include, however, some isolated borings for which 
there is no certainty On this point. 

For the same reason, localities were restricted 
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Fig. LA — Diagrammatic section through the Holocene deposits in the Western Netherlands; ‚ horizontal 
distances not to scale. B — Part of the same section plotted on a time-scale. 


to places where the subsoil consists of permeable 
sands, not impervious clay or till. In some cases 
the environmental conditions of peat growth 
could be checked by diatoms typical for a brackish 
environment. 

Especially favourable conditions were found at 
two buried hills, probably of eolian origin, near 
Brandwijk and Barendrecht. Continuous series of 
samples, with decreasing age and depth, could be 
collected there (fig. 2). 

Contamination of peat samples by younger 
roots and humus infiltration was eliminated as 
much as possible by carefully examining the peat 
samples, and by dating all the material by pollen- 
analysis as well as by radiocarbon. 
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zone, and therefore can be considered together. 
They may be used to draw a main curve. 

The points from the southwestern part of the 
countty (the province of Zeeland), however, lie 
within a different zone, 2 to 3 m higher (in- 
dicated by black diamonds). The difference can 
be accounted for either by assuming a lower value 
for tectonic subsidence in this area, which is 
situated nearer to the more stable Paleozoic Bra- 
bant massif, or by assuming that higher tides 
occurred in that area, as at present. 

There is a third set of points (black dots) which 
was obtained from peats Iying on tidal deposits 
between former offshore bars along the coast of 
Zuidholland. These peats are underlain by a thin 


Fig. 2 — Section through a buried hill at Barendrecht, with radiocarbon datings of the base of the peat-layer. 


RELATIONS BETWEEN GROUND-WATER LEVEL 
AND SEA-LEVEL 

The relation between ground-water level and 
sea-level near a low sandy coast depends on many 
factors, as for instance the permeability of the 
substratum, the level of high tides, and the 
distance to the shore line. We will not discuss 
these problems in this preliminary note, but only 
say that in this area near the sea the ground-water 
may have had about the same level as the sea. 
On the basis of experience with peat growing at 
the present time, swamp-forest peat appears to 
be growing somewhat above ground-water level 
(0.50 m), whereas Phragmites peat and clayey 
swamp forest peat are assumed to be formed at 
or a little below ground-water level. 

An extensive discussion on the relation of 
water table and sea-level at the places where the 
samples have been taken must wait for a final 
publication. 


THE DETERMINED POINTS (Fig. 3) 

The points which may serve to draw a cutve 
of relative rise of sea-level are indicated by 
different symbols according to the areas where the 
samples were collected; the same symbols have 
been used on the map. The points from the 
northern and central parts of the country (the 
provinces of Groningen, Friesland, Noordholland 
and Zuidholland) appear to fall within a single 


marine clay which was probably formed during 
inundations of the broad valleys between twobarti- 
er bars. It is therefore certain thatthe peat grew 
slightly above the high-tide level. There are four 
of these broad valleys or former tidal flats, each 
one at a higher level and younger than the one on 
its inland side (fig. 1A). The line connecting 
these points indicates at least the level of high 
tide, and is accordingly situated above the main 
curve. 

For the lowest, and oldest part of the curve 
(before 7500 B.P.) only two points are available. 
They show a very steep rise, which is well-known 
from similar curves obtained by other authors 
cited in the references. Between 7500 and 6000 
B.P. the points are rather widely scattered, and 
accordingly are unsuited for drawing definite 
conclusions. 

From 6000 B.P. on, the points fall within a 
narrow zone, which rises much less steeply than 
the older part of the curve. There is a slight 
indication of periodic variations but the amplitude 
is less than 1.5 m and may lie within the limit 
of error. 

If these variations are disregarded, a smooth 
curve could be drawn through the lowest point 
for any: given age, based on the consideration 
that the sea-level can not be higher than the, 
lowest point at which peat could be formed. 
Actually, it may have been somewhat lower than 
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Fig. 3 — Time-depth diagram of the base of the lower peat, indicating the post-glacial relative rise of the sea- 


level in the Western Netherlands. 


these lowest points. In order not to introduce 
hypothetical considerations we have, in this 
preliminary paper, abstained from actually 
drawing such a curve, preferring to let the de- 
termined points speak for themselves. 


The main curve would have to end at about 


3000 B.P. However, the curve through the black 
dots, indicating the level of a least high tide, runs 
up to 1450 B.P. and shows a further relative rise 
of the sea-level. 
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DISCUSSION OF THE POINTS 

The points, as has been pointed out, show the 
combined effects of eustatic rise of sea-level and 
local tectonic subsidence. The main curve itself 
gives no clue as to the relative part played by 
each of these agents. 

In other parts of the world similar curves have 
been obtained (Godwin 1944, 1958, LeBlanc & 
Bernard 1954, Shepard & Suess 1956) which seem 
to show that in supposedly stable areas the sea 
reached its present level between 6000 and 5000 
B.P. If this should be correct, it would mean that 
the continuous rise of eur curve since about 6000 
B.P. is mainly due to tectonic subsidence. A high 
subsidence rate has, indeed, been assumed before 
(Umbgrove 1947, Zwart 1951, T. Edelman 1954). 
On the other hand Gould & McFarlan hold the 
view, supported by many radiocarbon dates, that 
sea-level reached its recent stand 3000 years ago. 
This would imply a lower value for tectonic 
subsidence, which is supported by calculations 
based on the depth of the marine Eemian (last 
inter-glacial, Tesch 1940, Kuenen 1941, 1945, 
Dechend 1954, Bennema 1954). Actually it may 
have varied with time, which would explain the 
divergences between values calculated from 
different data. 

Fairbridge (1958), however, assumed that 5000 
B.P. the sea stood at 3 or 4 m above the present 
level, and fluctuated after that time with an 
amplitude of 6 m and more. The points obtained 
in the Netherlands show nothing of this kind. 
The section between 6000 and 3000 B.P. is based 
on no less than 13 determinations, with a maxi- 
mum time interval of only 400 years, leaving no 
room for strong ups and downs between them. 
The points do, indeed, show some: slight vari- 
ations which, if they are significant at all, are 
opposite to those obtained by Fairbridge. They 
may, apart from eustatic changes, also be due to 
variations in subsidence. 

It is not yet possible to account for these 
discrepancies. If it could be assumed that growth 
of coastal peat could start many meters above 
sea-level during one of Fairbridge’s low stands 
of the sea-level, peat could never have started to 
grow 3—4 m below sea-level during the high 
stages assumed by Fairbridge. A careful evaluation 
of the sources of error for each of the dated 
samples from all over the world seems to be 
needed. 


MARINE TRANSGRESSIONS AND REGRESSIONS 
(Fig. 1B, 4). 

Peat growth was interrupted at various times 

by marine transgressions. The word transgression 

and regression are not used here in the sense of 


a rise and fall of the sea-level — the points do 
not give much support to such fluctuations. Wich 
the word transgression we only mean that the 
land was covered by the sea and with a regression 
that the sea retreated. 

At many places in the coastal area the times at 
which these so-called marine trans- and re- 
gressions occurred could be established by radio- 
carbon datings of the peat directly below or 
directly on top of a marine deposit. In the first 
case the possibility that some peat was eroded by 
the invading sea may make the determined age 
somewhat too old. 

A striking point is the considerable lapse of 
time between the beginning of peat growth and 
the first marine transgression. In some cases it 
was as much as 1500 years. Apparently peat 
growth could keep up with the rise of sea-level 
for a considerable time before the peat was 
finally submerged. 

A second point is that the times of transgressions 
differ from place to place, and the same is true 
for the times of regressions. There are various 
instances of the more or less simultaneous oc- 
currence of a .transgression at one place and 2 
regression at another (fig. 4). Obviously these 
marine invasions had only a limited extent, which 
depended on the nature of the shore and of the 
subsoil. The younger invasions were strongly in- 
fluenced by offshore bars, the formation of which 
in early Subboreal times was probably related io 
the slowing down of the rise of sea-level. Between 
4000 and 3600 B.P. the sea had for the greater 
part abandoned the western Netherlands, which 
at that time must have been an extensive peat 
landscape (fig. 1B). With a still rising sea-level, 
this was only possible by the protection of 
the offshore bars. At other times, during the Sub- 
boreal and Subatlantic, the sea broke through the 
offshore bars and locally covered the peat with 
clay and silt. 

A full treatment of the geological setting of 
the dated samples and a discussion of their impli- 
cations must await final publication. 
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GRAVITY MEASUREMENTS IN THE VENEZUELAN ANDES 


J. HOSPERS! and J. C. VAN WIJNEN ? 


ABSTRACT 


A description is given of a gravity survey of the 
Venezuelan Andes (Cordillera de Merida). Preliminary 
results are shown in the form of two gravity profiles 
across the Maracaibo Basin, the Venezuelan Andes, and 
the Barinas-Apure Basin. The structural interpretation 
of these profiles is briefly discussed. 


I. INTRODUCTION 


Venezuela has been covered by an extensive 
network of gravity observations. The gravity 
observations made by or on behalf of the Cia. 
Shell de Venezuela consist of torsion balance 
sections dating from the earliest period, as well 
as Holweck-Lejay pendulum, Thyssen, and more 
modern gravimeter surveys. 

The network is based on De Bilt (Netherlands) 
and Curacao (Netherlands West Indies). The 
general level of this gravity network is considered 
by de Bruyn (1951) to be correct within a few 
milligal. This view has recently been confirmed 
by ties at Caracas and Maracaibo to the world- 
wide gravity network of Professor G. P. Woollard 
of the University of Wisconsin, U.S.A., and his 
associates. 

The above-mentioned gravity data do not cover 
the Venezuelan Andes. In order to obtain reliable 
information there, a special survey has been 
carried out along main highways in the Venezuelan 
Andes. 

This article contains a short description of this 
survey, and some preliminary remarks on the 
reduction of the gravity data and their structural 
interpretation. In due course, full details will be 
published elsewhere 3. 


1 Formerly with Cia. Shell de Venezuela, Maracaibo, 
Venezuela, now with Shell-BP Petroleum Development 
Company of Nigeria, Owerri, Nigeria. 

2 Formerly with Cia. Shell de Venezuela, Maracaibo, 
Venezuela, now with Shell Oil Company, New Orleans, 
U.S.A. 

3 ]J. Hospers and J. C. van Wijnen: "The gravity 
field of the Venezuelan Andes and adjacent basins”. 
Now published in: Verhand. Kon. Ned. Akad. Wet. 
Amsterdam, 1ste series, vol. XXIH, no. 1, 1959. 


II. GRAVITY SURVEY OF THE VENEZUELAN 
ANDES 

The Venezuelan Andes (fig. 1, 2) is the name 
given to a straight mountain range running 
southwest-northeast in the western part of Vene- 
zuela. It is flanked in the northwest by the Mara- 
caibo Basin and in the southeast by the Barinas- 
Apure Basin. Topographically, it is best defined 
as being situated between the 100 m contour on 
the northwestern side and the 200 m contour on 
the southeastern side. Between these limits, it is 
100 km wide. Its central part comprises two 
parallel, southwest-northeast trending ranges, 
separated by the valleys of the Rio Chama and the 
Rio Motatan. The northwestern range is called 
Cordillera del Norte, and comprises peaks of up 
to 4620 m elevation. The southeastern range is 
called Cordillera de Merida, the highest peak of 
which is the highest peak in Venezuela (Pico 
Bolivar, 5007 m). 

The Venezuelan Andes are separated from the 
Eastern Cordillera in Colombia by the Tachira 
Depression, a roughly saddle-shaped area of lower 
elevation. 

To the northeast the Venezuelan Andes also 
diminish in elevation. The northeastern boundary 
of the Venezuelan Andes is usually drawn through 
Barquisimeto (elevation 564 m). The length of 
the Venezuelan Andes between these limits is 
about 400 km. 

The gravity survey was carried out between 
4th and 21st May 1956. The Shell gravity party 
which carried out the survey was based on 
Barinas, Timotes and Merida successively. In the 
higher parts of the Andes work was often 
hampered by low temperatures, rain, fog and 


“occasionally sleet. The survey was made along the 


following roads (fig. 1): 

(1) the road from Barinitas, via the Paramo de 
Mucuchies (4040 m above sea level), and 
Timotes, to Valera; 

(2) the road from the Paramo de Mucuchies, via 
Merida, and Egido, to Lagunillas; 
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(3) the road from Egido, via La Azulita, to the 
Panamerican Highway. 

A total of 49 stations were established. 

Stations were established on flat areas in order 
to minimize terrain corrections for the immediate 
surroundings of the stations. However, it was not 
always possible to avoid unfavourably situated 
stations for the simple reason that flat areas did 
not occur. A few stations, therefore, had to be 
established along the road passing through the 
steepest part of the valleys. 

The highest new gravity station occupied is 
that situated on the Paramo de Mucuchies, at 
4044 m above sea level. 

The instrument used was a La Coste-Romberg 
Gravity Meter (No. 72). This instrument can be 
read to within 0.01 mgal; its range is about 150 
mgal. As the observed gravity value changes by 
more than 700 mgal between any of the base 
stations and the Paramo de Mucuchies, the range 
of the meter had to be frequently reset. The 
gravity meter was transported by car, using the 
car battery to supply the current needed for the 
heater element and light bulbs. 

For the gravity survey of the Andes, three 
stations, occupied during earlier conventional 
surveys, were used as base stations. They are 
situated in Barinitas, Valera and Caho Zancudo. 


Of the 49 gravity stations occupied in the 
Andes, 9 were situated at or in the immediate 
neighbourhood of government bench marks. A 
further 2 stations were situated on earlier gravity 
stations of which the height was thus known. 
The remaining 38 station heights were determined 
by barometer. 

The immediate surroundings of the stations 
were surveyed with a view to preparing a topo- 
graphic contour map of the country extending to 
1000—2000 m around each station. Elevations 
were determined relative to the station elevation. 


II. REDUCTION OF THE GRAVITY 
OBSERVATIONS 


The gravity observations in the Venezuelan 
Andes have first been reduced to Bouguer 
anomalies, using the conventional formulae. 

Instead of subtracting from the measured 
gravity value the effect of a horizontal slab of 
infinite extent and density 2.67 (Bouguer cor- 
tection) one subtracts the effect of a cap or 
spherical plateau (Lejay's "calotte spherique”) 
extending to the outside of zone Os, having the 
station altitude for its height, and density 2.67. 
The correction for the gravitational effect of the 
cap or spherical plateau extending to the outside 
of zone O, may be combined with the free-air 
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correction (Lejay, 1947). 

Finally, corrections must be made for the fact 
that the actual topography up to the outside of 
zone O, deviates from the surface of the spherical 
plateau of station height. The authors have 
followed Lejay in this, accepting his division of 
the topography into the Hayford zones A-O, and 
of the individual zones into compartments, and 
using his table IV to find the appropriate cor- 
rections which are given as a function of the 
deviation of compartment heights from the 
station height. The density for which the tables 
are computed is 2.67. 

All gravity stations outside the Venezuelan 
Andes are situated on lowlying Quaternary 
deposits. These gravity data were available as 
simple Bouguer anomalies. Stations near the 
Venezuelan Andes require a topographical cor- 
rection which has been applied. Elsewhere the 
topographical corrections are negligible. 

An analysis of rock densities in the central 


Venezuelan Andes has also been made. This 
analysis is based on 96 samples, collected from 
exposures along the same roads as those along 
which the gravity survey was made. The average 
bulk density found for the central Venezuelan 
Andes is 2.670 g/cm?. This figure can be con- 
fidently used for all corrections into which the 
density of the topography of the Andes enters 
(Hospers and van Wijnen, 1958). 

Eleven stations have been chosen for which 
isotatic corrections have been computed. Of these, 
five are situated in the Venezuelan Andes, the 
others are in the plains outside the Andes. They 
lie on the two gravity profiles A-A” and B-B’, 
the position of which is shown in fig. 2. 

For each station isostatic corrections have 
been computed for 9 different systems of iso- 
static compensation. 'These systems are (Vening 
Meinesz, 1941): j 
(1) systems of local compensation (Airy - Heis- 


kanen hypothesis) for T = 20, 30 and 40 
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Fig. 2 — Map of the western part of Venezuela, showing the position of gravity profiles A-A” and B-B'. 


km (R= o); 


(2) systems of regional compensation according 
to Vening Meinesz for R 58.10 and 
232.40 km for each of the crustal thick- 
nesses T = 20, 30 and 40 km. 


Supplemented by existing Shell computations 
of isostatic corrections in the same area, suf- 
ficiently accurate values of the isostatic cor- 
rections for a number of systems of isostatic 
compensation can be obtained along the entire 
length of ptofiles A-A” and B-B'. As a further 
refinement, following Evans and Crompton 
(1946), appropriate "geological corrections” have 
been applied to allow for the light sedimentary 
fill of the Maracaibo Basin, and ”geological 
isostatic corrections” to allow for the isostatic 
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assuming that the crust underneath the Maracaibo 
Basin has been depressed below its equilibrium 
position because it has been overthrust at its 
southeastern edge by the Venezuelan Andes. 

The main fault along which this ovetthrusting 
has taken place is thought to be situated along 
the northwestern edge of the Venezuelan Andes. 
Geological observations establish that this is 
essentially true, though there is not one clear-cut 
thrust fault, but a complicated series of thrust 
faults along which the Andes are thrust over 
the Maracaibo Basin. 

The gravity profiles suggest that there is also 
thrusting along the southeastern edge of the 
Andes, though of much less importance than 
that on the northwestern side. Geologically, this 
overthrusting along the southeastern edge is not 
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Basin. 

compensation of the density deficiency of these 
sediments. There are insufficient data to do the 
same for the Barinas-Apure Basin, but this is not 
very important as these corrections combined are 
comparatively small in any case, and for the 
Barinas-Apure Basin are certainly smaller than 
for the Maracaibo Basin. 


IV. PRELIMINARY DISCUSSION OF RESULTS 


The anomaly curves of fig. 3 are best accounted 
for, both qualitatively and quantitatively, by 


known so well. Locally it is probably of consider- 
able magnitude, but on the whole it is probably 
much less pronounced than that along the north- 
western edge. 

The entire structure can be adequately 
accounted for along lines advocated by Gunn 
(1947). Gunn assumes that under lateral com- 
pressive stress in the earth’s crust a shear fracture 
is formed, along the plane of which one part of 
the crust is thrust over the other part, thus 
forming a mountain range and a foredeep. 


SE 
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Vening Meinesz’s (1955) buckling hypothesis 
can also give a satisfactory explanation of the 
observed gravity picture if it is assumed that the 
plastic buckle is relatively small and asymme- 
ctical, a possibility already envisaged by Vening 
Meinesz. 

The actual structure is probably intermediate 
between a small asymmetrical buckle and a pure 
shear fracture. 

The structural interpretation, which here must 
be restricted to the above remarks, points very 
strongly to the conclusion that lateral com- 
pression is the primary factor in the creation of 
the relief of the Venezuelan Andes. 
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NIEUWE METHODE VOOR STRUCTUURMETINGEN VAN STEENKOOLLAGEN EN 
VOOR DE BEREKENING VAN DE HOEVEELHEID VERKOOPBAAR PRODUKT 
PER OPPERVLAKTE-EENHEID 


P. A. G. BEUGELS1, J. BLOEMENDAL? en W. F. M. KIMPE3 


ABSTRACT 


New method for measuring the structure of coal seams 
and calculating the tonnage of saleable product per 
unit surface area 

A generally applicable system, empirically corrected 
for each coal mine, which permits calculation of the 
gross and net output per unit surface area is described. 
The preliminary steps taken in designing the new 
system comprise, firstly, standardization of the concepts: 
seam thickness, height of the coal face, standard coal 
and specific gravity of coal and secondly, development 
of a statistically justified measuring method using a 
nomenclature in which the coal is classified according 
to ash percentage and occurrence. 

The method has proved sufficiently accurate to enable 
it to be used for calculating the contribution of each 
coal face to the total output and for making both long- 
and short-term prognoses. 

For the purpose of these prognoses the examination 
of the seams has been extended to include the study of 
data furnished by preparatory and development work 
and by coal cores obtained from deep borings. 


HOOFDSTUK 1. 

HET BELANG VAN HET LAAGONDERZOEK 

De leiding van een mijnbedrijf wordt bij haar 
beleid geconfronteerd met de habitus van de te 
ontginnen koollagen. Verschillen hierin hebben 
grote invloed op de ontginningsresultaten. 

Het is voor de bedrijfsleiding van belang de 
voornaamste elementen die de habitus bepalen, 
zoveel mogelijk te kwantificeren en hun invloed 
op de produktiviteit vast te stellen. Aldus kan 
men zich een beeld vormen van de economische 
resultaten welke men van een bepaald laaggedeel- 
te mag verwachten. Dit is eveneens van belang 
om te kunnen beoordelen of de ontginning meer 
of minder efficient verloopt dan voorheen, resp. 
meer of minder efficient verloopt dan in andere 
laagvakken. Elementen in de habitus van kool- 
lagen, die grote invloed hebben op de produktivi- 


1 Geodetisch Ingenieur bij de Staatsmijnen in Lim- 
burg. 

2 Mijningenieur, Hoofdingenieur belast met de be- 
drijfsleiding van Staatsmijn Maurits. 

3 Geoloog bij het Geologisch Bureau voor het Mijn- 
gebied. 


teit, zijn naast de kwaliteit van de laag — onder 
meer bepaald door het aspercentage en het per- 
centage vluchtige bestanddelen #* — de storings- 
graad, de kwaliteit van het dak- en vloergesteente, 
de dikte en de helling van de laag en variaties 
hierin, de afmetingen en de ruimtelijke ligging 
van het laagvlak, de mijngashinder, e.a. 

De kwantitatieve invloed van de storingsgraad, 
van de kwaliteit van dak- en vloergesteente en 
van de andere factoren op de produktiviteit is 
niet of slechts gebrekkig bekend. De storings- 
graad is alleen globaal te benaderen; de kwaliteit 
van het dak- en vloergesteente kan met enkele 
cijfers worden benaderd, waaruit dan echter veel- 
al blijkt dat deze een vrij grote spreiding tonen. 

Gunstiger is het gesteld met de combinatie 
laagdikte, aspercentage en percentage vluchtige 
bestanddelen. Deze grootheden zijn betrekkelijk 
nauwkeurig te bepalen. Met behulp hiervan kan 
men de hoeveelheid verkoopbaar produkt (”Ver- 
wertbare Förderung”) per m? berekenen. 

De produktiviteit is, bij gelijke overige om- 
standigheden, een functie van laagdikte, asper- 
centage en pijleropening. De invloed van deze 
factoren op de produktiviteit is groot. Hierdoor 
zijn de cijfers die de hoeveelheid verkoopbaar 
produkt per m? aangeven, gecombineerd met de 
pijleropening, van belang zowel voor de beoor- 
deling van de in ontginning zijnde, als voor nog 
te ontginnen lagen. 

Reeds lang is, met onder meer dit oogmerk, de 
laagdikte van koollagen gemeten. Omdat de 
methode van meting niet in voldoende mate aan 
objectieve normen was onderworpen, bleken de 
resultaten onnauwkeurig en werden. diverse ter- 
men verschillend geinterpreteerd. Ter complete- 
ring vond daarom een wagenonderzoek plaats. Om 
door middel van het wagenonderzoek een inzicht 
te krijgen in de samenstelling van de produktie, 


4 Er zijn meer grootheden die de kwaliteit van een 
laag bepalen, zoals bijv. zwelindex en zwavelgehalte, 
maar deze grootheden hebben geen invloed op de pro- 
duktiviteit. 
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moet men echter een zÖ groot aantal wagens on- 

derzoeken, dat dit in de praktijk in de regel op 

bezwaren stuit. 

Een speciaal hiervoor ingestelde werkgroep bij 
de Staatsmijnen in Limburg kreeg tot taak ter 
bepaling van de ”netto laagdikte” een zodanig 
meet- en berekeningsschema op te stellen, dat uit 
de metingen van de structuur van een koollaag 
voldoende nauwkeurig de hoeveelheid verkoop- 
baar produkt per m? zou kunnen worden bepaald. 
Deze werkgroep kwam tot de bevinding, dat de 
structuur van een koollaag zö kan worden vast- 
gelegd, dat aan de gestelde eis wordt voldaan; het 
bleek, dat as-analysen van bepaalde gedeelten der 
laag hierbij noodzakelijk zijn ter controle op het 
toegepaste systeem (hoofdstuk II, paragraaf 2, 
Koolbenamingen). 

Uit de structuur kunnen twee grootheden wor- 
den afgeleid: 

1) de ”gemeten netto laagdikte” (G.N.L.), die de 
gezamenlijke dikte aangeeft van alle banken 
met minder dan 50% as die in de koollaag 
voorkomen (hoofdstuk II, paragraaf 1, Defi- 
nities). 

Deze grootheid wordt gehanteerd, daar ge- 
bleken is, dat de ”gemeten netto laagdikte” 
aansluit bij het begrip netto laagdikte dat in 


het verleden steeds is gebruikt; 

2) de "berekende netto laagdikte” (B.N.L.), welke 
men verkrijgt door de dikte van alle banken 
van de laag die kool bevatten, te herleiden 
tot standaardkool, rekening houdende met het 
as- en vochtpercentage (hoofdstuk II, para- 
graaf 1, Definities). 

Uit een statistische verwerking van de struc- 
tuurmetingen is gebleken, dat de resultaten slechts 
dan voldoende nauwkeurig kunnen zijn, als de 
laagstructuur iedere tien meter wordt gemeten 
en de banken iedere veertig meter worden ge- 
monsterd. Hierdoor wordt de methode vrij kost- 
baar. De kosten van dit laagonderzoek zijn echter 
beduidend lager dan de gezamenlijke kosten van 
het laagmeten en wagenonderzoek, dat vroeger 
gebruikelijk was. Bovendien zijn de berekeningen 
van de hoeveelheid verkoopbaar produkt per m2, 
uitgevoerd met behulp van een dergelijk laag- 
onderzoek, nauwkeuriger dan die volgens de vroe- 
gere methode. Daarom is besloten het laagmeten 
en wagenonderzoek te vervangen door het laag- 
onderzoek. 

Resumerend kan men zeggen, dat het laagon- 
derzoek kan dienen voor: 

1. het vaststellen van de hoeveelheid verkoopbaar 

produkt per m?; 


JAAR KUN ZUBERRTERL 1 MINI ZIERT ET 
1 h indexcijfers, 
netto netto. netto 
produktie produktie produktie produktie 
B.N,L.|per -urige| B.N.L.| per d-urige per 8-urige per 8-urige 
ondergr. ondergr. ondergr. ondergr. 
dienst dienst dienst 
1957 108 1426 
1958| 102 1414 
1959 98 1445 


JAAR MuN ZB wen; MDR ZIERT. EN 
r | indexcijfers indexcijfers 
A| netto | netto w netto netto 
produktie produktie produktie produktie 
B.N.L. |per 8-urige B.N.L.|per 8-urige || B.N.L.| per ö-urige| B.N.L.| per d.urige 
ondergr. ondergr., ondergr. ondergr. 
[ dienst | dienst dienst dienst 
ER 195 1637 100 100 
1958 110 1669 96 102 
1959 109 1745 Bi 95 13 107 1 


Fig. 1 — Vergelijking van produktiviteitsgegevens van verschillende mijnen 


2. het vergelijken van produktiviteitsgegevens 
van een mijn of van verschillende mijnen, over 
verschillende perioden (figuur 1); 

het uniform vastleggen van de laagstructuren 
op de mijnplannen. 

Daarenboven biedt het laagonderzoek nog de 
volgende toepassingsmogelijkheden. 


A. Het laagonderzoek vindt plaats zowel bij de 
ontginning als bij voorbereiding en ontslui- 
ting en zelfs aan koolkernen van diepboringen. 
Hierdoor worden, in tegenstelling met de me- 
thode van wagenonderzoek, gegevens vooraf 
verkregen, waardoor nauwkeuriger prognoses 
op korte en op lange termijn mogelijk zijn. 

B. Het laagonderzoek verstrekt gegevens die vol- 

doende nauwkeurig zijn om de produktie per 
werkpunt en van de gehele mijn te berekenen. 
Zodoende kan de grootte van de produktie 
worden bepaald, onafhankelijk van de expe- 
ditie. 
Door de uit het laagonderzoek verktegen ge- 
gevens te vergelijken met de produktiecijfers 
van de expeditie, verkrijgt men indicaties aan- 
gaande wasserijverliezen, morsverliezen, fou- 
ten in bunkerschattingen en foutieve opgaven 
van de expeditie. Behoudens voor de morsver- 
liezen is dit in principe ook mogelijk door 
middel van het wagenonderzoek, waarbij ech- 
ter zelden een voldoende aantal wagens wordt 
onderzocht. 


C. Door het laagonderzoek wordt een koollaag 

zowel in horizontale als in verticale richting 
in onderdelen bekend. De kennis van de ho- 
rizontale opbouw van een laag biedt de mo- 
gelijkheid een marginaal gedeelte te herken- 
nen dat deel uitmaakt van een produktie- 
eenheid. 
De kennis van de verticale opbouw van een 
laag maakt het mogelijk de hoeveelheid ver- 
koopbaar produkt van ieder willekeurig ban- 
kenpakket te berekenen, hetgeen van belang 
is bij de beoordeling van de vraag of een laag 
in haar gehele dikte of slechts gedeeltelijk 
moet worden ontgonnen. 

D. De gedetailleerde structuur van de laag kan 
mede aanwijzingen verschaffen omtrent de 
mogelijkheid tot mechanisatie bij de ontgin- 
ning. 


n 


HOOFDSTUK II. 
1. Definities. 
Koollagen bezitten als regel een samengestelde 
bouw en bestaan gewoonlijk uit verscheidene 
laagjes of bankjes, waarvan de samenstelling va- 
rieert van meer of minder zuivere kool tot lei- of 
zandsteen. 


DE METHODE 
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In verband met koollagen zijn de voigende de- 
finities opgesteld. 
a. Laagdikte 


Onder de laagdikte wordt bij een koollaag ver- 
staan de stratigrafische dikte van de volledige 
koollaag, uitgedrukt in cm, te meten onmiddellijk 
aan het kolenfront. Dit is de afstand van dak tot 
vloer van de koollaag met inbegrip van eventueel 
aanwezige vergleden lei in dak en vloer. 

b. Pijleropening 

Onder pijleropening wordt verstaan de afstand 
tussen het dak en de vloer van een pijler, uitge- 
drukt in cm, te meten onmiddellijk aan het kolen- 
front. Hierin is begrepen de dikte van het ge- 
steente in dak en vloer van de koollaag, dat bij 
de ontginning eventueel wordt ”"meegenomen”. 
Hierin is niet begrepen de dikte van een even- 
tueel niet ontgonnen gedeelte van de koollaag. In 
de regel is de pijleropening groter dan de laag- 
dikte. 

c. Gemeten netto laagdikte (G.N.L.) 

Onder de gemeten netto laagdikte van een 
koollaag verstaat men de som van de stratigrafi- 
sche dikten van die koolbankjes van le koollaag, 
welke minder dan 50% as bevatten. Indien men 
zich bij de ontginning beperkt tot een gedeelte 
van de laagdikte, wordt de gemeten netto laag- 
dikte bepaald van het ontgonnen gedeelte. 

In paragraaf 2, Koolbenamingen, zal blijken, 
dat de benaming van kool met minder dan 50% 
as steeds met ”kool” begint, in tegenstelling tot 
kool met meer dan 50% as, waarvan de benaming 
steeds met ”lei” begint. Met kan dus de gemeten 
netto laagdikte bepalen uit de structuur van de 
koollaag, door de dikte van alle bankjes waarvan 
de benaming met ”kool” begint, te sommeren. De 
gemeten netto laagdikte is bedoeld als een grove 
benadering van de berekende netto laagdikte. Ge- 
bleken is echter, dat er een systematische afwij- 
king bestaat. De gemeten netto laagdikre is in de 
regel kleiner dan de berekende netto laagdikte. 


d. Standaardkool 

Onder standaardkool wordt verstaan kool met 
vastgestelde as- en vochtpercentages. 

Voor het vergelijken van koollagen zou men 
het gewonnen produkt kunnen omrekenen naar 
kool met 7,5% as en 6% vocht. In paragraaf 4, Be- 
overwegingen heeft men als vergelijkingseenheid 
het begrip standaardkool geintroduceerd. Bij de 
Staatsmijnen in Limburg is als zodanig gekozen: 
kool met 7,5% en 6% vocht. In paragraaf 4, Be- 
rekeningen, zal worden uiteengezet, hoe de ge- 
wonnen kool kan worden omgerekend naar dit 
standaardprodukt. 

e. Berekende netto laagdikte (B.N.L.) 
De berekende netto laagdikte is de dikte van 
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een denkbeeldige, uit standaardkool bestaande 
laag, waarvan de hoeveelheid standaardkool per 
oppervlakte-eenheid even groot is als van de laag 
waarvan men de berekende netto laagdikte wil 
bepalen. Uiteraard beperkt men zich ook hier 
eventueel tot het ontgonnen gedeelte van de laag. 


ag los- 


2. Koolbenamingen 


Om de banken van een koollaag van plaats tot 
plaats te kunnen volgen, is het noodzakelijk de 
afzonderlijke banken te benoemen. De naamge- 
ving berust op de volgende macroscopisch waar- 
neembare kenmerken. 


a. Aspercentage 


Als belangrijkste kenmerk is het as-percentage 
gekozen, zoals uit figuur 2 blijkt. In de praktijk 
is gebleken, dat het in de regel mogelijk is op het 
00g teeds te beoordelen, hoe ieder bankje be- 
noemd moet worden. Aangezien men voor an- 
dere doeleinden (paragraaf 4, Berekeningen) toch 
monsters moet nemen, kunnen de analyseresulta- 
ten hiervan tevens gebruikt worden voor de con- 
trole van en eventuele correctie op de macrosco- 
pisch gegeven benaming. 


uitsenvallend. Gewoonliik mechanisch 


te scheiden. 


2 


Kool die in pijler of doortocht niet 
van dax of vyloer van de koolla 


laat. 


= 
I 
_— 


b. Wijze van voorkomen 


In verband met de wastechniek is het van be- 
lang te weten hoe de kool en de verontreinigin- 
gen voorkomen. Daarom is onderscheid gemaakt 
tussen kool en verontreinigingen die mechanisch 
wel en niet te scheiden zijn. Zo is kool met lei 
niet, en kool met leistrepen wel mechanisch te 
scheiden. 

De door secundaire werkingen veranderde pro- 
dukten, zoals vergleden, vergruisde, verpoederde 
kool, enz. worden als een afzonderlijke groep sa- 
mengevat. Hier is een verdeling in slechts vier 
benamingen toegestaan door de grotere onnauw- 
keurigheid van het macroscopisch geschatte as- 
percentage. 


yriet op splijt- 
Fig. 2 — Koolbenamingen, volgens macroscopische kenmerken en percentage as. 


vormige concreties, al of niet met 


lei- en koolsiderietlagen en lens- 
pyriet 


vergleden lei kool- 


pyrietlenzen en p 


vlakkeıu 


c. Minerale verontreinigingen 


Hiervan worden alleen aangegeven sideriet en 
pytriet. 


50 - 80% 
>80 % |vergleden lei 


3. Meetschema 


a. Wijze van structuurmeten en bemonsteren 
De stratigrafische dikte van alle bankjes van 
een koollaag, welke zich over ca. 10 m voortzet- 
ten, wordt op 0,5 cm nauwkeurig gemeten. 
Lensvormige inschakelingen van geringe uitge- 
strektheid worden niet afzonderlijk gemeten, 
maar opgenomen in de bank waarin zij voorko- 
men, hetgeen dus tot uiting komt in de benaming 
en in het as-percentage van deze bank. Op ieder 
meetpunt wordt de gezamenlijke dikte van alle 


‚kool 


en lei 
aangebrande 
minerale 
verontreini- . 
gingen in kool 
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afzonderlijk gemeten bankjes ter controle verge- 
leken met de direct gemeten totale dikte. 

In voorgedreven bandgalerijen en doortochten 
wordt de volledige opening gemeten, waardoor 
de eventuele banken die in de bandgalerijen wel 
en in de pijler niet ontgonnen worden, toch in de 
berekeningen kunnen worden verwerkt. 

Her structuurmeten in pijlers die langer dan 
twee dagen niet in bedrijf zijn geweest, dient men 
te vermijden. 

Voor zover in pijlers wordt geinjecteerd, moe- 
ten de metingen zo kort mogelijk vöör het in- 
jecteren plaatsvinden. In natte toestand zijn de 
diverse koolsoorten moeilijk te herkennen. Bo- 
vendien zal in vele gevallen het as-percentage 
van de banken door het injecteren iets stijgen, 
waardoor de bestaande relatie tussen het as-per- 
centage en het s.g. wordt verstoord, zodat de be- 
rekening minder nauwkeurig wordt. 

Een koollaag wordt, al naar gelang de structu- 
rele omstandigheden, volgens een van de drie on- 
derstaande methoden bemonsterd. 

Het nemen van bankjesmonsters is de meest 
toegepaste methode van bemonsteren, cmdat de 
bankjes van een koollaag zich veelal over grote 
oppervlakken uitstrekken. Hierbij wordt van ieder 
bankje met minder dan 80% as een monster van 
ten minste een halve kilogram genomen. In twij- 
felgevallen, welke zich kunnen voordoen omtrent 
het as-percentage bij lei met weinig koolstrepen 
en lei met weinig kool, neemt men een extra 
monster. Indien de analyse een hoger as-percen- 
tage dan 80 oplevert, wordt het betreffende bank- 
je bij de benaming en de berekening beschouwd 
als te bestaan uit uitsluitend steen. Bankjes welke 
bestaan uit steen zonder op het oog waarneembare 
kool worden niet bemonsterd. 

In gevallen waarbij de dikte en het voorkomen 
van een aantal bankjes voortdurend verandert, 
maar hun gezamenlijke dikte ongeveer constant 
blijft, worden deze bankjes tezamen bemonsterd. 
Eventuele steenbankjes, die in dit pakket voor- 
komen, worden in dit geval wel bemonsterd. 

In bijzondere gevallen wordt een sleufmonster 
over de gehele laag genomen. Dit doet men als 
door secundaire oorzaken, bijvoorbeeld vele kleine 
storingen, het normale verloop van de bankjes 
volkomen is verstoord. 


b. Verdeling van de waarnemingspunten 

In pijlers wordt op afstanden van 10 m de 
structuur van de laag gemeten, alsmede de dikte 
van de lei in dak en vloer, voor zover deze wordt 
"meegenomen”. Dit gebeurt na elke ca. 25 m 
vooruitgang. 

Om de andere meting, dus na elke ca. 50 m 
vooruitgang, wordt de laag op afstanden van 
40 m bemonsterd. 


In doortochten meet men elke 10 m de struc- 
tuur en bemonstert tevens elke 40 m de laag. 


In niet voorgedreven bandgalerijen wordt bij 
de meting in de pijler tevens de structuur aan het 
front van de galerijen gemeten. 


In voorgedreven bandgalerijen, en in galerijen 
die onafhankelijk van de ontginning worden ge- 
dreven, meet men iedere 10 ä 20 m de structuur 
en neemt men tevens iedere 40 m monsters. 


De genoemde afstanden gelden voor normale 
laagverhoudingen. In bijzondere gevallen worden 
de onderlinge afstanden van de meetpunten kor- 
ter gekozen. Van gestoorde gedeelten wordt een 
profiel opgenomen en neemt men zo nodig extra 
monsters, zodat hier zowel de netto hoceveelheid 
verkoopbaar produkt als de pijleropening kan 
worden berekend. 

In het steenwerk wördt van alle ontsloten lagen 
de structuur gemeten en worden monsters geno- 
men. 

Van alle monsters wordt-het as-percentage op 
vochtvrij bepaald. Van de monsters, genomen aan 
de kop en de voet van een pijler stelt men tevens 
het percentage vluchtige bestanddelen vast vol- 
gens Normaalblad 3187. Dit geschiedt eveneens 
met alle monsters uit voorgedreven bandgalerijen, 
uit galerijen die onafhankelijk van de ontginning 
worden gedreven en uit de ontsluiting. In de regel 
worden na iedere ca. 150 m vooruitgang van een 
pijler, en zo nodig frequenter, de zwelindex en de 
Arnu-waarde bepaald. 


4. Berekeningen 
a. Berekening van de netto tonnen standaard- 
kool per m? a) 

Voor een monsterplaats kan us met behulp 


van de volgende formule worden berekend: 


= =} >= bankdikte x 5.8. 44| x , 
Het s.g. aa is het s.g. van droge kool met het 


as-percentage en percentage vluchtige bestandde- 
len van de betreffende bank (figuur 3). 


F ,a is de omrekeningsfactor van droge kool 
met het gewogen gemiddelde as-percentage van 
de gemonsterde banken naar standaardkool (fi- 
guur 4). Omdat in pijlers op meer punten wordt 
gemonsterd en niet alle afstanden tussen de mon- 
sterpunten (monsterlengten) 40 m behoeven te 
bedragen, ziet de formule voor pijlers er als volgt 
uit: l 


= ; 
Es r% „2 bankdikte x s.g. N: monsterlengtel x E2% 
m2U pijlerlengte 


0,0037329.A + 0,0000199.G (90-A) + 0,76117 en 


1 


0,0040073.A + 0,0000174.G (90-A) + 0,74175 


" ongemalen 
S.8- gemalen 


S. 
fzonderlijk 
.g. van ongemalen 
deze relaties 


ijds en het as-percentage 
ijn zijn 
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Soortelijk gewicht van droge kool (sg. 44). 
Aan de hand van de analysen van een 80-tal 
koolmonsters zijn voor iedere mijn a 
relaties berekend tussen het s 
droge ruwe kool enerz 


en gehalte aan vluchtige bestanddelen anderzijds. 
Eveneens is dit geschied voor gemalen droge ruwe 


kool. Voor een bepaalde m 


de volgende 
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ijn verwerkt tot een tabel 


llen van 0,1% voor het as-percentage 


en van 2% voor het percentage vluchtige bestand- 
delen. Het gedeelte van deze tabel 'voor de be- 
> 


iguur 


f 


Sgemalenfen‘ hetes.2.. ongemslesen DEZE 
weergegeven in 


treffende mijn bij 32% vluchtige bestanddelen is 


met ınterva 


Hierin is A het as-percentage op vochtvrij, G de pijler is genomen het rekenkundig gemiddelde 


het percentage vluchtige bestanddelen op as- en 


“van het s.g 


5 en 6. 
Het poriönvolume van de vrijstaande kool, ge- 


meten in de pijler, is kleiner dan van het onge- 


iguren 


vochtvrij. Deze formules zijn grafisch voorgesteld gemiddelde waarden z 


de f 


malen koolmonster en groter dan van het gema- 
len monster. Als s.g. van de vrijstaande kool in 


in 


S.C. ongemalen 


A 
Fig. 5 — Het verband tussen het s.g. 


en 
ongemalen de 


percentages as en vluchtige bestanddelen. 
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Fig. 6 — Het verband tussen het s.g. 
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Bepaling van de omrekeningsfactor (F,.4) van 
vochtyrije kool mer een zeker as-percentage naar 
standaardkool (7,5% as en 6% vocht) 


Voor het verhoudingsgetal 
vochtvrije kool met 7,5% as 


vochtvrije kool mer A% as N 
is het volgende aangenomen: 
voor een vochtvrije kool met A > 80 is Fa= 0, 


voor een vochtvrije kool met A= 7,5 is u = 
en het verband tussen A en Fı is lineair, 


Dit kan in formule als volgt worden uitgedrukt: 


80 — 

Fa =-————— voor A<S 80 
80 — 7,5 

Fı=0 voor A> 80 


Het aannemen van cen as-percentage waarbıj 
kool geacht wordt waardeloos te zijn (80% as), 
is aanvechtbaar. Daar echter deze waarde zowel 
in de teller als in de noemer voorkomt, is de in- 
vloed van een misschatting in dit as-percentage 
(80) gering. Een afwijking van 10% in de schat- 
ting van het as-percentage waarbij kool als waar- 
deloos beschouwd wordt, levert voor de koolsoor- 
ten met minder dan 15% as afwijkingen in de 
omrekeningsfactor die steeds kleiner zijn dan 
2%. Bovendien corrigeren de koolsoorten met 
meer dan 7,5% as die met een lager as-percen- 
tage. 

Aangezien standaardkool per definitie 6% 
vocht bevat, moet het aantal tonnen droge kool 


worden vermenigvuldigd. De volledige 


met 
’ 


factor voor de omrekening van droge kool met 
A% as naar standaardkool wordt dus: 


il 80 — A,, 
Fsa = 0,94 % 30 7,5 (Meunr 4). 


b. Berekende netto laagdikte (B.N.L.) 
De B.N.L. kan met behulp van de volgende 
formule worden berekend: 
Ta 


2 


B.N.L. = 
$.B-5G 
5.8.56 Is het s.g. van standaardkool bij het 
gevonden percentage vluchtige bestanddelen. Dit 
kan als volgt worden berekend uit het s.g. van 
droge kool met 7,5% as en hetzelfde percentage 
vluchtige bestanddelen (s.g. 75 06): 


5.8:75 0G 


0,94 + 0,06 8.8.75 0G (fieuur 2 


5.8.56 — 


Fig. 7 — Het s.g. van standaardkool (s.g. 4 G) als 


functie van het percentage vluchtige bestanddelen. 


c. Praktisch netto wagengewicht en netto ton- 
nen standaardkool per m”? bruto produkt 


Met behulp van 


Ta 2 
5 en de ontgonnen m? van 
Fw 


de afzonderlijke pijlers, doortochten en galerijen 
kan men per werkpunt de over een bepaalde pe- 
riode gewonnen hoeveelheid standaardkool bere- 
kenen. Deelt men deze produktie per werkpunt 
door de bijbehorende aantallen wagens, dan ver- 
krijgt men het praktisch netto wagengewicht. 
De netto tonnen standaardkocl per m3 bruto 
produkt bepaalt men door de pijleropening te 


delen op ni ; 
m 


Voorbeeld van berekening 


Het verloop van de berekening kan worden 
gevolgd aan de hand van de figuren 8 en 9, die 


resp. een pagina uit het structuurnotatieboek en 
uit het structuurberekeningenboek vootstellen. 

De pijler waarop deze berekeningen betrekking 
hebben, heeft drie monsterlengten van 40 m en 
een van 31 m. 

Per monsterlengte wordt de gemiddelde struc- 
tuur berekend. Deze structuur levert de banddikte 
per monsterlengte. Het s.g. aro08 Kan in figuur 3 
worden opgezocht bij het as-percentage en het 
percentage vluchtige bestanddelen die de analysen 
van de monsters opleveren. 

Met behulp van monsterlengte, bankdikte, ver- 
onderstelde vooruitgang van 1 m, s.g. en as-per- 
centage wordt in figuur 9 het gewicht van de 
ruwe kool berekend, aanwezig in de afzonderlijke 
banken met minder dan 80% as. Eveneens wordt 
het gewicht van de hierin aanwezige as berekend. 
Met behulp van het totale gewicht aan ruwe kool 
in deze banken en van de hierin aanwezige as is 
het gewogen gemiddelde as-percentage te bere- 
kenen. Dit is het as-percentage, waarbij de om- 
rekeningsfactor F,a (figuur 4) moet worden 
opgezocht om het gewicht aan ruwe kool om te 
rekenen naar standaardkool. Daar bij de bereke- 
ning een vooruitgang van de pijler van 1 m is 


n 


verondersteld, verkrijgt men — door de tonnen 
m 


2 


standaardkool te delen door de pijlerlengte. 

De tonnen ruwe kool die in kolom 6 van het 
structuurberekeningenboek (figuur 9) voorkomen, 
geven niet de bruto hoeveelheid aan, daar alle 
banken met meer dan 80% as niet in deze bere- 
kening worden opgenomen. Aangenomen is im- 
mers, dat deze banken geen bijdrage tot de netto 
produktie leveren. Om dezelfde reden is het in 
kolom 7 berekende gemiddeld as-percentage niet 
het gemiddelde as-percentage van de gehele ont- 
gonnen laag. Zelfs is dit getal niet bruikbaar om 
na te gaan of de laag beter of slechter van samen- 
stelling wordt. Immers, een stijging van dit ge- 
middelde as-percentage kan worden veroorzaakt, 
doordat een bank die voordien meer dan 80% 
as bevatte, op een zeker moment minder dan 
80% as bevat en van dat tijdstip af in de bereke- 
ning moet worden opgenomen. 


In het voorbeeld van figuur 8 zijn bij de struc- 
tuurmeting tevens monsters genomen. Het meet- 
schema laat zien, dat dit slechts om de andere 
meting gebeurt. Uit structuurmetingen waarbij 
geen monsters worden genomen, wordt een ge- 
middelde structuur van de gehele pijler berekend. 
Uit de gemiddelde structuur van de vorige meting 
worden de gemiddelde as-percentages per bank 
overgenomen, voor zover de banken in die struc- 
tuur zijn terug te vinden. Mocht dit niet het geval 
zijn, dan worden de betreffende banken extra be- 
monsterd. Dit laatste komt echter sporadisch 
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Pe ee 
= inhoud 
monster ee inm 2.8. nd x 2.8. 
n2 Ina En, p1j 1 m |[droog| droog 
PR vooruitgang 
mnonster- 
| tengte | (a2. Part ZA 
1 40 0382 151280 1281| 19 
AZ 0 268 10720 1449| 15 25 
3 0.255 10/200 1336| 13 12 
4 0 235 9400 11273 11 4 
5 0195 71/800 11318 | 101280 10 
6 0 127 5.080 1967 91992 66 
Pi |. 011437 051720 11417 8 105 22 
o | 0388 | 151520 1257| 191509 2 
5 ; 0237 | 9480 1387| 13149 | 18 
10 | 0260 101400 1302| 13541 8 
11 | 0263 | 101520 1265 | 13308 3 
12 0220 8800 11337 11/766 
13 0117 4.680 1861 8709 
14 | 01143 5720 11399 8002 
15 40 . - 0342 13|680 11254 | 17155 
16 ı 01263 10 520 1358| 14286 
17 0280 | 111200 1341| 15019 
18 0270 | 10/800 1269 | 13705 
19 0212 | 8/480 1315| 111151 
20 0153. 61120 1886| 11542 
21 0172 6880 1419 91763 
22 31 0 380 111780 1258| 14819 
23 0223 61913 11401 91685 
24 01217 6727 11353 9.102 
25 | 0260 81060 11263 | 10/180 
26 0.237 7347 1329 9764 
27 0.163 5053 1897 91586 
28 0 120 3720 11432 | 51327 
5; I e33 T246600 aları Ko 


Gemiddeld as % 16,9 
a) Netto tonnen standaardkool: 338,145 x 0,926 = 313,122 
F ı = 0,926 (opgezocht in figuur 4 bij 16,9 % as). 


REEL 
Bier a EREHEN I: “ 
Dee 
DI BNL = Zum 2,074 2 7 
SB: .c 1,273 
58,0” 1,273 (opgezocht in figuur 7 bij 32 % vluchtige bestanddelen). 
Tanz x 10? _ 2,074 x 10° _ 991 k 
pijleropening 2,032 E 
Gemiddelde structuur van de pijler 
T = =T En, Fu | is 2 
tonnen tonnen |gemiddeld 
ie | et \bemonsterd ee 4 droge kool as | & as 
| per bank |per bank| per bank 
et _ı En Bier 8 nz. 
37,3 k | Er re: 71057 2120 3,0 
24,9 Kl | 24,9 = | = 52653 10640 20,2 
122,001 _ 22,0 _- _— 
25,5 kwlatr. 25,5 _ 51289 6162 12,0 
11,0 v1 _ 11,0 — — 
25,7 k | 25,7 _ 49159 1792 Was 
6,9 1 — | 6,9 j _—— — 
21,5 kwlstr 2 42961 4820 1162 
13,8 Iwkstr 13,8 _ 39829 | 24873 62,4 
14,6 kwl 14,6 _ 31137 6875 22,0 
— e a! 2: IL a 
149,5 k 9330 163,3 39,9 338145 | 57282 16,9 


Fig. 9 — Voorbeeld van een pagina uit het structuurberekeningenboek 
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Fig. 10 — Gedeelte van een structuurmoederplan, schaal 1: 1000. 
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voor. Op deze wijze kan men uit de tussenmeting, 
waarbij uitsluitend structuren worden gemeten, 
alle gewenste grootheden berekenen. 


5. Toepassing 


A ” a 
Op eenvoudige wijze kan uit—, en het ont- 
m 


gonnen oppervlak de hoeveelheid verkoopbaar 
produkt per werkpunt en van de gehele mijn 
worden berekend. Voor het corrigeren van syste- 
matische fouten in het laagonderzoek, zijn de uit- 
komsten van dit laagonderzoek gedurende onge- 
veer twee jaar vergeleken met de expeditiecijfers. 
Alle fouten in voorraadschattingen en begin- en 
afsluitdata konden door de lange periode waar- 
over werd vergeleken, tot verwaarloosbare grootte 
worden teruggebracht. Nu deze correctie bekend 
is, kan men de produktie per werkpunt en van 
de gehele mijn onafhankelijk van de expeditie 
bepalen. De gegevens van het laagonderzoek in 
ontginning, voorbereiding en ontsluiting worden 
tevens gebruikt voor prognoses op korte en lange 
termijn. Door ook op kernen van diepboringen 
de methode van het laagonderzoek toe te passen, 
verkrijgt men een sluitend geheel. 


In het boven omschreven .systeem is het ge- 
bruik van het wagengewicht voor prognoses en 
voor de bepaling van de produktie der verschil- 
lende werkpunten overbodig. Het gebruik van het 
wagengewicht kan zelfs tot onnauwkeurigheden 
leiden, omdat ter bepaling hiervan de aantallen 
wagens van vroegere perioden nodig zijn. In de 
praktijk blijkt evenwel, dat men het begrip wa- 
gengewicht bezwaarlijk kan missen, omdat de 
produktie over korte perioden nog wordt uitge- 
drukt in aantallen wagens. Plotselinge veranderin- 
gen in de verhouding bruto-netto produkt kan 
men signaleren door de netto tonnen standaard- 
kool per m® bruto produkt te berekenen. 


6. Kartering 


Van pijlers worden van de metingen waarbij 
tevens monsters genomen zijn, de volgende resul- 
taten genoteerd op  structuurmoederplannen, 
schaal 1: 1000 (figuur 10): 

a. grafisch en geschreven de structuur van de 
laag, eventueel inclusief gesteenten in dak en 
vloer van de pijler, op alle punten waar mon- 
sters zijn genomen; 

b. grafisch en geschreven het percentage vluch- 
tige bestanddelen; 

c. de gemiddelde berekende netto laagdikte, be- 
paald over de gehele pijlerlengte en 


d. de gemiddelde netto tonnen per m? over de 
gehele pijlerlengte. 

Van die metingen waarbij uitsluitend structu- 
ren zijn gemeten, worden op de structuurmoeder- 
plannen vermeld: 

de gemiddelde berekende netto laagdikte, be- 
paald over de gehele pijlerlengte en 

de gemiddelde netto tonnen per m? over de 
gehele pijlerlengte. 

Van eventuele zones met uitspoelingen of sto- 
tingen worden afzonderlijk de netto tonnen per 
m? vermeld. 

In de bandgalerijen van de voorbereiding wor- 
den slechts die structuurmetingen gekarteerd, 
waarbij monsters zijn genomen. Waar gewenst, 
kunnen hierbij BN.L. en Be 


; worden genoteerd. 


Doortochten worden op dezelfde wijze gekar- 
teerd als pijlers, met dien verstande, dat de groot- 
heden en structuurprofielen op het structuurmoe- 
derplan betrekking hebben op het gehele profiel 
van de doortocht, ook al zal in de aan te trekken 
pijler een gedeelte niet worden ontgonnen. In 
sommige gevallen is het nuttig voor gesplitste 
koollagen de berekeningen te maken van onder- 
en bovenbank afzonderlijk. De resultaten van der- 
gelijke berekeningen worden evenwel niet op de 
structuurmoederplannen gekarteerd. 

Van ontsloten koollagen in steengangen, hel- 
lend steenwerk en op- en neerbraken worden de 
structuren met bijbehorende B.N.L. op het struc- 
tuurmoederplan gekarteerd, zodra een vak in ont- 
ginning wordt genomen. 

Op de laag- en hoofdgrondplannen karteert 
men vereenvoudigde structuren. 

Dit vereenvoudigen geschiedt als volgt: 

a. Doorlopende karakteristieke banken van 10 cm 
en dikker blijven gehandhaafd. 

b. Bankjes boven en onder een karakteristieke 
bank met een ongeveer gelijke samenstelling 
als de betreffende bank, worden hiermede sa- 
mengevoegd. 

c. Leibankjes in dak of vloer worden steeds af- 
zonderlijk vermeld. 


d. Alle resterende en opeenvolgende banken wor- 
den samengevoegd. 


e. Voor de op deze wijze verkregen indeling 
wordt de volgende sterk vereenvoudigde no- 
menclatuur gebruikt: 

: kool (k), 
kool met lei (kl), 
lei met kool (Ik) en 
lei (I). 
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ABSTRACT 


A discussion of the fundamental methods for sepa- 
rating particles in a wet medium is given as well as a 
discussion of the most important devices in which these 
fundamental methods are applied. Fig. 1 gives a survey 
of the article, 


1. INTRODUCTION AND OBJECTIVE 

For separations according to size, shape or 
specific gravity in a wet medium, an enormous 
variety of apparatus is available. 

However, the number of separating methods 
showing fundamental differences and hence pro- 
ducing fundamentally different separations, is 
not very great. 

If one is faced with a problem of separating 
solid particles, it is of importance to have a 
sutvey of the fundamental possibilities of the 
characteristics of these possible methods and of 
the principal devices working on the basis of 
these methods. 

The present article is aimed at providing such 
a survey. 

The separating principles of the cyclone and 
the D.S.M. screen (sieve bend) will be dealt with 
in somewhat greater detail. Particular stress will 
be laid on the less well-known possibilities of 
these devices. 


2. VARIOUS METHODS OF SEPARATION 
In principle the following separating methods 
are possible: 
2.1. Utilization of the differences in velocity in 
a medium. 
2.2. Utilization of the fact that a particle can 
pass only through holes larger than itself 
(screening). 


* Physical Engineer, Mining Research Establishment 


of the Dutch State Mines. 


2.3. Utilization of the fact that a particle en- 
veloped by a flowing medium which is 
divided into two currents, is entrained by 
that current in which it is contained wholly 
or for the greater part D.S.M. screen 
(sieve bend) 


2.1. Utilization of the differences in velocity in 
a medium 
Many separating methods are based on this 
principle. This method can be used for making 
separations according to particle size, shape and 
also for separations according to specific gravity, 
The following sub-division may be made: 


2.1.1. Utilization of the differences in velocity 
in the case of substantially uniform 
motion, 


2.1.2. Utilization of the differences in velocity 
in the case of accelerated or retarded 


motion. 


In method 2.1.1., the particle size influences 
greatly the velocity of the particles, for which 
reason this method is widely applied in those 
cases, in which a separation according to size is 
required. 

A separtion according to specific gravity of 
particles differing in size can only be made with 
the aid of this method, if the specific gravity of 
the medium lies between the specific gravities 
of the particles to be separated, so that (he 
lighter particles move in a direction opposite to 
that of the heavier ones. 

In method 2.1.2. the specific gravity is gener- 
ally an important factor, for which reason this 
method is often used for specific gravity sepa- 
rations. 


These points will be explained in greater 
detail later on. 


2 cm. 


kart 
TMm Asr 


cm 


DS MUST 


VE FOR WRIC 
HE FIELD IN 


2x 


I 


E OU 


OR LIQU 


FALL ® IN WATER OF 20°C OF A BALL WITH A DIAMETER d 


L om 
HL SDLALE 


I 


RSECTION WITH TH 
RATION IN 


4 
Def 
#4 


-200 AND * 
THE INTE 


Zr 
x 


2 


REQUIRED 1S THE VELDLITY OF 
TAR AD 


eSSAD28 YTıir 


> 


r— 


zT LCALLULAT 


EXAMPLE: 
WE Ca 
THE ARROW A 


RE IN I,Am 


= 
‚ae 


p = DENSITY OF SPR 


’ 


Dr 


Be er 


N 
Hth 


ININL | il Il hi 
Sb Dr Sl Bu KERLE SEES 
a N nn 
ii, m 3 son Rn ie TH 

; "a PORHHREBEREIE 


ee 5 
ESS N 
SEerse 


” 
He HM 


In 

m. Hader 
hi An KR u IE 
. nn 
ii N, 


h 
ei I 


It N IN 
| iR d Il |. 


I il Ih 
. Hi; INH 
"N ib I ni ‘ 


ih: Pr FHLFEI PH] LINIEN 
all KILL 
Pi) HEN ii HISFRIFH FILM ul) 
iin r EIERN ih ii A| ERERRIEIELKRBLHHLLIT 
HL) INH 


IR ig nn A IERRTHNUN 
Kin Ni IL I 
AH ‚lin HIN 


ill L) 
SE I 


sirzewer 
2 
Tee 


Tas 
ar: 


N. IN il Ha || 
N Hin EFF: KERN il k 


Il ar ll, © 


NEEH INN juni A| EIN 


230 


SpnIe ayı Jo Asams — [ Sta 
321s 3121104 04 Bulpu4o9an uolrDupdas 
aAN3g-3431S JO 31d4IDNIUd ®) 
2zIs 372174Dd 04 BulpuosoDd uoND1Ddag 


SNIN334IS & 


p33} pauaa4as D as 


KAnDay-2s4D09 Uaam}2q 22UD4sSIp 25407 


azIs 2j214Dd Jo Yuapuadapuı) 5 
pa3} pauaau42s Dp as sBıf ua1NoyaS SS3] Jo 310W SSau}D]} 04 Bulp4oaan uorDupdas % EN 
s2j21Ju0d 7ybnN-auy pup sbıf wnog ssır \ P:IE® amd ‚41 =s 
ÄnDay-254009 uUaamJ2q a9U04sIıp 38107] )sbif upaIuawy UDd © %- g NOILON QA304VL3%4 
aZıs aj0174Dd Jo Yuapuadapuı en 
zı'l) P23} palyıssojo D as sarqpy BuryougIA ss3] yo auow uB ds 04 Bulpuoaap uolyDupdas yo a3lvas3713IvV Zı 
) 2 ! n 1 f 
sualylund = f 
sa}ny>jouıds 
[ sasınıs s4apunn7 ) 
saj2ı74pd 4451]-as40o> puD SUN2ADJO3UY N 
Krpay-2aul} U22M}3q a9U04sIp aBu07 sa]jgqoL . r( %j- 4);,p,6%=s 
abup4 S,S2404S 4 
ul 753g : 2zI1s aj91410d 04 BuUIpuo9sD uolyDupdas seyo3S 
0} BulpJo92D 1104 'Z'1'| 
SYBUSDM WNIPSW-SSUag x 
aBbun4 
S3aUO]9AD04PAUY SUlOS Ss uoJMaN ul 452g : ssau}D0]} 04 Bulpuossn uoIyD4odas Y n 
sabNJIU4U3I (2Buou az1s-2]01740d a a 
n MOJ4DU)-UO4JM2N 04 Bulpuoo>D ]]p4 sajo144Dd 
r et suopUpdasoupAH 247 uayMm 4s3q :4uUa4ına Pupmdn 441m uolYD4pdas UOIMaN 

BITISTITSIIEN v S4J3141SSD]2 SI] NDUPÄH Ayınpuß aıy19ads‘uolypundas 700]j} Puo -Yuls 0 Bulpuosoo 124 Il NOILOW WHOAINN IL 


5 = 
p2uıou4u2 pınbi Jo aWın]oA Su21}1SSD]I 
Ja72WoIp 2j21740d= p IE 


pınbı ao wınıpaWw Jo AYlsuap = d% 
2121240d jo Ayısuap= Y nnican V NI SF37DI1L8Vd JO ALIDOT3A Ni F3ON3U34319 &® 

3940} ]pBn}ı1yua9 Jo 
]Duo14D41nDAB Jo U01YD42]3900 = xB 
aupzsuos = ©5 SCOOHLIW ONILVYV43S 
4UD4SU09 = '9 
pauaro9 yyod= Ss 


NOILVLON 


SLOF4HSV YVIND1LYV4 3WOS:NNIAIN 13M V 


NI ALIAVYO D141934S YO 34VHS'3ZIS OL SONIAUOIIV SFTD11UVd 30 NOILVYVA3S 


2.1.1. Uniform motion in a medium 


By uniform motion in a medium is understood 
the state in which a particle, e.g. under the in- 
fluence of the gravitational or the centrifugal 
force, moves or falls at a constant rate with 
respect to the medium. 


In this case, the gravitational or the centri- 
fugal force acting on the particle minus the 
force resulting from the law of Archimedes 
working in opposite direction, is in equilibrium 
with the resistance the particle experiences as a 
result of its motion through the medium. 

The uniform velocity of spherical particles can 
be determined by means of fig. 2. This figure 
further shows that at low values of the Reynolds’ 
number Stokes’ law holds good, the velocity of 
fall being proportional to the square of the 
particle diameter. At high values of the Rey- 
nolds’ number the process is governed by the 
Newton-Rittinger’s law according to which the 
velocity of fall is proportional to the root of the 
particle diameter. 

From the foregoing it follows that in the 
range governed by Stokes’ law the particle size 
has a much greater influence on the velocity of 
a particle than in the range in which Newton- 
Rittinger’s law is obeyed. 

Consequently, a 
eordinsito. partiele size will be 
more easily accomplished in the 
range in which Stokes’ law holds 
than in the range governed by the 
Newton-Rittinger’s law. 


separation ac- 


Making use of fig. 2a and fig. 2 combined, 
one can determine the rate of fall of disk-shaped 
particles with different A\/d ** values. 


It has been found that in many cases fig. 2a 
may also be used for determining the rate of fall 
of particles of any other shape. In this case d is 
the screening size of the particle, i.e. the dia- 
meter of the aperture through which it can just 
pass, and /\ is the smallest dimension of the 
 particle. 

With the aid of the falling velocity formulae 
according to Stokes and according to Newton- 
Rittinger and with the help of fig. 2a, the data 
of table 1 have been calculated. From table 1 
it follows that a separation on the 
basis of uniform motion between 


flat and spherical particles can 
better be effected at high Rey- 
nolds’ numbers than at low Rey- 


nold’s numbers. 


** For the meaning of these symbols see the notation. 


Zaıl 


Diameter disk* 
Diameter sphere 


* When disk and 
sphere have 
equal falling 
rates. 
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2.1.2. Accelerated motion in a medium 

Whereas with uniform falling velocity under 
the influence of gravity or centrifugal force the 
particle size is of great importance, this size has 
little effect on the velocity ät the start of an 
accelerated motion. At the very start of a motion, 
i.e. when the velocity of a particle is raised from 
zeto to a very low value, the resistance offered 
to the particle by the medium is negligible be- 
cause of the very low velocity. The velocity of 
the particle at this stage can be calculated by 
means of the formula, 


N re er PN ONE I (1) 
where 
K e* (0) = 2)V, 8*lQ, -0)) 
a— = ee = = 
m, + My, er AV oy ep + Aoı 
substitution, of (2) in (1) gives: ih (2) 
re an. 6) 
substitution of (2) in the formula S = M at? 


leads to the following formula for the path 
covered: 


It may be remarked that in (3) and (4) no 
symbol representing the particle size occurs. 

For an ellipsoid of revolution having an axial 
length in the direction of motion = 2 c and a 
diameter — 2 b, the ratio A — i.e. volume of 
entrained liquid/volume of the ellipsoid — as a 
function of c/b, can be calculated [1}. 


"O0" Conversion factor 
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Fig. 22a — Conversion factor O = we ty ar on Cameet d for disks perpendicular to the direction 
velocity sphere with diameter d 

of fall. © is only approximately correct, Example: What is the rate at which a disk having a density o = 

1.3 g/cm3, a thicknes A = 0.1 cm and a diameter d—= 1 cm falls in water? Find by means of Figure 2 the 

rate of fall for a sphere with d= 1 cm in water (35 cm/sec, Re = 5000). In the graph we find for A/d = 


u —= 0.1 and Re = 5000, ”O” = 0.26. The falling rate of the disk will be 0.26 x 35 cm/sec = 9.1 cm/sec. 


Remark: At high values of Re the disks are | to the direction of fall, at low Re values (Range of Stokes) the 
falling velocity is independent of the orientation of the disk. f 


Table 2 gives the value of A for various values Table 2 
of c/b. This table has been taken from lit. ref. 


11}. 


By means of (4) and table 1 we shall, by way 
of illustration, calculate the distance covered at 
the start of an accelerated motion by a spherical 
particle having a specific gravity of 1.4 as com- 
pared with the distance covered by a spherical 
particle with a specific gravity 2.7. 

For the 1.4 particle we find: 


seh 144 1% t2 or = 0 109 2126) 


S-h ET t? g* —= 0.266 g* t2 (6) 


Consequently, for very short times t the following quotient holds good: 
distance covered by a 1.4 sphere in water _ 0.105 
distance covered by a 2.7 sphere in water 0.266 


Using equation (4) and table 1, we shall now calculate the value of the quotient: 


distance covered by 1.4 sphere in water 


distance covered by 1.4 ellipsoid c/b = 0.2 in water, axis of length c // direction of motion 


The following formula holds for the ellipsoid: 
Sr 3.008: 12.820 200.0455 Dr BE A REN (8) 


From (8) and (5) it follows that: 


distance covered by 1.4 sphere in water 0.105 3 ’ 
distance covered by 1.4 ellipsoid, c/b — 0.2, axis — 0.0453 . 
of length c // direction of motion, in water 
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For an ellipsoid of 2.7 specific gravity, c/b = 0.2, axis of length c // direction of motion in 


water holds, that: 
ATZE) 

2 1273.3.008 

From (10 and (6) it follows that: 


distance covered by 2.7 sphete in water 


t2 g* — 0.148 g* ı2 Kr 


distance covered by 2.7 ellipsoid, c/b = 0.2, axis 
of length c // direction of motion, in water 


From the foregoing it is con- 
celuded that at the start of an ac- 
celerated motion a separation ac- 
cording to specific gravity, inde- 
pendent of the particle size, ‚is 
effected. Further, it follows that a 
separatiom according to the degree 
of flatness, independent of the 
particle size, is made, which sepa- 
ration is effected more easily when 
the specific gravity of the parti- 
cles of different flatness differs 
less from the medium. 


2.2. Utilization of the jact that a particle can 
pass only through an aperture that is larger 
than itself 


This principle always leads to a separation ac- 
cording to particle size, the so-called screening. 
Whether the particle goes into the fine product 
or into the coarse fraction, only depends on the 
size and the shape of the particles and on the 
size and the shape of the openings. The specific 
gravity of the particle is of no importance in 
this case. 

As the principle of screening is simpie and no 
special effects are produced, this point will not 
be further discussed. 


2.3. Utlization of the fact that a particle con- 
tained in a flowing medium ıs entrained 
by that part of the current, in which it is 
contamed wholly or for the greater part 

In practice this principle, upon which the 


operation of the D.S.M. screen (sieve bend) is 
based, produces a separation similar to that ob- 
tained by normal screening. This principle of 
operation is explained in detail in [2]; it will 
not be further discussed here, as it will be des- 
cribed later on, when the apparatus ”D.S.M. 
screen” (sieve bend) is dealth with. 

As to the separation, it is sufficient to remark 
that in principle a D.S.M. screen may be ex- 
pected to yield an underflow containing a very 
low percentage of particles about twice as large 
as the particle size at which the cut is made. 
With a normal screen such coarse particles can- 


= =-%8 


not, theoretically, get into the undersize fraction. 
Yet, in practice this happens in many cases as a 
result of inaccurate finishing of the screen sur- 
face or on account of the presence of chinks 
between screen deck and frame. 

In practice, a D.S.M. screen (sieve bend) pro- 
duces a separation comparable with or better 
than the separation effected by a screen. 

It should be added that for screening flattish 
particles a slotted D.S.M. screen (sieve bend) is 
comparable with a slotted vibrating screen and 
a D.S.M. screen (sieve bend) with holes is com- 
parable with a vibrating screen with a screen 
surface of punched plate or screen cloth. 


3. VARIOUS DEVICES USED FOR SEPARATING 
ACCORDING TO PARTICLE SIZE, PARTICLE 
SHAPE OR SPECIFIC GRAVITY, ARRANGED 
ACCORDING TO THEIR OPERATING PRINCIPLES 


3.1. Devices in which use is made of the differ- 
ences in velocity of particles having a uni- 
form motion in a medium, cf. 2.1.1. 


Under this heading belong the classifiers ®, 
the hydraulic classifiers ®, the hydroseparators ®, 
the centrifuges ?, the heavy medium washers * 
and, for some applications, the hydrocyclones ®. 

Classifiers and hydroseparators are in essence 
tanks, into which a mixture of particles and 
liquid is fed. The slowly settling or floating 
particles flow together with the liquid across 
the overflow weir of the tank, the rapidly settling 
particles are removed from the bottom of the 
tank in some way. 

In the so-called hydraulic classifiers an up- 
ward flow of liquid is maintened. Particles 
having a high rate of fall settle against the cur- 
rent and are removed at the bottom of the 
classifier. It will be clear that this method 
creates the possibility of obtaining a "rapidiy 
settling” product which in essence contains no 
slowly settling particles, whereas in the normal 
classifier slowly settling particles get a chance 
of joining the rapidly settling product. 


3 C#. [3} and figs. 3, 4, 5, 6 and 7. 
4 cCf. [4] and fig. 8. 


234 


level of liquid 


Overflow -.-— 


N Enz 


(fine Particles) 
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Fig. 3 — Diagram and photograph of a rake classifier. 


In the case of normal classifiers the classi- 
fication curves ® for spherical particles of one 
specific gravity in the Stokes and Newton 
ranges can be calculated for a formalized case. 
Figs. 9 and 10 show these curves. 

These figures clearly show the separation in 
the Newton range to be very unsharp. Therefore, 
normal classifiers are seldom used for coarse 
separations where the particles in settling obey 
Newton’s law. When a normal classifier is used 
for coarse separations, a high viscosity is usually 
chosen in order that the separation may be made 
in the range where Stokes’ law holds. This high 
viscosity can, for instance, be obtained by 
making the classification at a high solids con- 
centration. 

Centrifuges, too, may in principle be classified 
into devices in which the rapidly settling fraction 
travels against a current of liquid and others 
where this is not the case. 

With normal classifiers the feed does not in 
most cases contain any particles having a lower 
specific gravity than the medium, which parti- 


5 For the calculation of a classification curve see [2} 
or [11]. 


cles would consequently float. Therfore, a 
separation according to specific gravity is seldom 
obtained with these devices. An exception to 
this are the hydraulic classifiers operating with 
hindered settling. In these devices particles of 
high specific gravity often form a so-called 
"teeter bed”, a suspension of particles of high 
Feed 


Le Overflow 
(fine particles) 


Control valve,opens 
when the solıds _ 
concentrafion af point 
A becomes too high. 


spigot product 
esse Martices) 


Fig. 4 — Diagram of a hydraulic classifier. 


Discharge 
(coarse product) 


Overflow 
{fme productk; 


Fig. 5 — Diagram and photograph of a hydroseparator. 


specific gravity through which the hydraulic 
water flows upwards. In many cases this sus- 
pension has such a high specific gravity that 
particles of low specific gravity contained in the 
feed will float on it and are discharged in the 
overflow, and consequently in the fine fraction. 
It is clear that in this case a specific gravity. 
separation is effected on particles much coatser 
than the particles forming the ”teeter bed”. 

In essence, the same applies to some cen- 
trifuges operating with hydraulic water. 

A specific gravity separation is also effected 
in heavy medium washers. In these washers the 
medium, often a suspension of fine particles of 
high specific gravity, has such a specific gravity 
that one portion of the particles contained in 
the feed settles in it, while the other particles 
float. The two portions are discharged separately. 

In a normal cyclone with a small cone angle 
— e.g. about 20° — particles whose form does 
tıot deviate too much from a spherical shape and 
whose specific gravity differs a good deal from 
that of the medium, are separated substantially 
according to uniform velocity. This will be dis- 
cussed in greater detail in 3.2.3. 
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Fig. 6 — Diagram of a nozzle centrifuge. 
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Fig. 7 — Diagram and photograph of a hydrocyclone. 
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Fig. 8 — Heavy medium washer. 


Fig. 11 shows the particle sizes, at which in 
normal cases a cut can be made by i.a. the various 
devices whose operation is based on the differ- 
ences in velocity of particles in uniform motion 
in a medium. It is assumed that the specific 
gravity of the particles to be classified is 2.7 and 
the medium used is water. 


3.2. Devices in which use is made of the differ- 
ences in velocity of particles having an 
accelerated or retarded motion, cf. 2.2. 


The number of apparatus in which this princi- 
ple is utilised is very great. Nearly always the 
acceleration principle is accompanied by other 
influences. In most cases, for instance, the 


resistance the particles experience from the 
medium, influences the velocity of motion, so 
tbat the particle size still has influence on the 
separation. In addition, suspensions of high 
specific gravity very often occur, which means 
that the separation will also show to some extent, 
the characteristics of a sink float separation. 


3.2.1. An important class of these above appa- 
ratus are the devices which we should 
like to call flow separators 


In these devices use is made of the phenome- 
non that particles propelled by a flow of liquid 
over the bottom of a launder make larger ”jumps” 
when their specific gravity is lower. They ”jump” 
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Fig. 9 — Classification curve of a classifier in which 
the particles fall according to Stokes’ law. The clas- 
sification factor is the percentage of a certain particle 
size joining the coarse product, with a correction for 
the voids. For the calculation of the classification 
factors for a classifier, see [11}. 


because, as a result of contact with each other 
and with the bottom of the launder, they are 
forced upwards into the flowing liquid. When 
they are specifically light, the acceleration in 
downward direction is only small and it takes a 
rather long time before they reach the bottom of 
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Fig. 10 — Classification curve of a classifier in which 
the particles fall according to the Newton-Rittinger’s 
law. 


the launder again. When their specific gravity is 
high the acceleration in downward direction is 
much greater, so that they will reach the bottom 
of the launder in a short time. As a result of 
this mechanism a separation according to specific 
gravity may be effected. What has been said 
about the acceleration will be clear to the reader 
it he reads again 2.1.2. 

This separating mechanism is very complicated 
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*Remark: For hard -abrasive materials the finest separation will be at about 0.3mm. 
Fig. 11 — Normal separations obtained with different machines, 


and it would lead too far to enter into demil 
about it. Ic is, however, obvious that the ac- 
celerated motion plays an important part in this 
kind of apparatus. 

Devices of this type are found in a variety of 
shapes. In the first place there are the so-called 
tables which formerly were universally used in 
the cleaning of starch, furcher the Rheolaveur 
used in coal preparation plants, the sluices em- 
ployed for ore cleaning, the spiral chutes used 
in concentrating ores. Moreover, there is the 
purifier in which this principle is applied in a 
centrifuge. This apparatus is used e.g. for puri- 
fying starch. The so-called shaking tables are 
used in various forms. 

The apparatus used for the treatment of starch 
are discussed in [5}, while the devices used in 
concentrating ores are dealt wich in [6]. The 
machines for the treatment of coal are described 
in [71 

As regards the separation wich flow separators 
it can be remarked that big light particles make 
the largest "jumps”; they will travel on the 
average at a higher level than small light parti- 
cles. Moreover, they will move faster, 

From all the particles present, small heavy 
particles will be on the average at the lowest 
level. 

Therefore, the best separation according to 

specific gravity will be obtained if fractions are 
treated in which the heavy particles are small 
and the light particles big. These fractions may 
be obtained for instance by a separation ac- 
cording to uniform motion in a medium, The 
nearer the specific gravity of the medium ap- 
proaches the specific gravity of the light fraction, 
the larger the difference in size between the light 
and heavy particles: in consequence a hydraulic 
classifier forming a "teeter bed” will be most 
suitable to prepare fractions to be treated in flow 
separators. 
3.2.2, Another important class of devices, whose 
operation is, at least largely, based upon 
the acceleration principle, is that of the 
figs 


In a jig a layer of particles is given the oppor- 
tunity of sinking for a short time in a liquid. 
Often pulsating water columns are used, while in 
other cases a layer of particles lies on a screen 
under water. The material Iying on the screen is 
given the opportunity of settling in the liquid 
for a short time, as the screen is suddenly moved 
downwards through the liquid over a short 
distance, 

A great number of devices is based on this 
principle. In most cases these apparatus are used 
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Fig. 12 — Diagram and photograph of a jig. 


with the object of obtaining a specific gravity 
separation. In [6} and {7} descriptions of this 
kind of apparatus are given. Fig. 12 is a diagram 
showing the principle of operation of a jig. 

In a flow separator the light big particles are 
highest and the fine heavy particles are lowest. 
In a jig the light small particles are highest and 
the big heavy particles are lowest. This can be 
understood when it is kept in mind that, when 
the particles are moving with respect to each 
other, the medium flows with regard to the 
particles upwards, more easily withdrawing fine 
particles than coarser ones. 

Therefore, the best separation according to 
specific gravity will be obtained if fractions are 
treated in which the heavy particles are big and 
the fine particles small. There are no devices 
available which achieve such a separation. There- 
fore, the best feed for jigs which can be prepared 
are fractions containing light and heavy particles 
of about the same size. These fractions can be 
obtained with normal screens or with D.S.M. 


‚screens (sieve bends). 


From the theoretical considerations in 2.1.2. 
it follows that, in principle, a separation ac- 
cording to specific gravity can be effected by the 
acceleration effect if the particles are alike in 
shape. If there are flat and spherical particles, 
the flat ones behave as though they had a low 
specific gravity. Consequently, a specific gravity 


Zu De 


separation of a mixture of particles widely differ- 

ing in shape will seldom be succesful, if jigs are 

used, for the flat particles behave as if they had 

a low specific gravity, which implies that they 

will, in general, be incorporated in the light 

fraction. 

In the case of jigs flat particles will behave as 
though they had a low specific gravity, because 
they will orientate themselves perpendicular to 
the direction of movement and remain in this 
position as long as the separation takes place. 

In the case of flow separators the direction of 
orientation will change every moment. So flow 
separators will be superior to jigs in separating 
according to specific gravity particles of different 
shape. 

3.2.3. Experiments with cyclones have shown 
that in these devices certain particles are 
always separated according to the acceler- 
ation principle, so according to specific 
gravity 

The design of the cyclone determines the 
specific gravity at which the cut will be made. 

In normal cyclones having a smail cone angle, 
e.g. an angle of about 20°, only particles having 
a specific gravity slightly higher than the specific 
gravity of the medium are separated according to 
acceleration. As has already been said, the parti- 
cles of high specific gravity are separated mainly 
according to velocity in uniform motion. 

This separating mechanism occuring in 
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Fig. 13 — Flow pattern of non-tangential currents in 
a hydrocyclone with rather large feed and overflow 
openings. 
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cyclones was first pointed out in [8]. 

For the sake of completeness and because 
erroneous views about the operation of the 
cyclone are still widely held, we shall discuss this 
aspect of the operation of cyclones. 

The non-tangential currents in a cyclone are 
about as shown in fig. 13. This flow pattern has 
been visualised by means of injection of ink at 
different places of a perspex cyclone, operated 
with water. The presence of the eddy was quite 
obvious. When, for instance, a lot of ink is in- 
jected together with the feed and suddenly this 
feed of ink is stopped, the region of the eddy 
remains blue for quite a time. Van Tongeren 
has first drawn the attention to the presence of 
this eddy [9]. The eddy, however, is much flatter 
than he indicates. That the eddy must be flat, 
so be restricted to a cylinder having a diameter 
only somewhat larger than the diameter of the 
vortex finder, will be clear, when it is kept in 
mind that medium present in a cyclone at a 
small radius has lost a considerable lot of its 
original energy, and is therefore not capable of 
penetrating to a much larger radius, where the 
medium has much more energy. When the feed 
and overflow openings are small, in comparison 
with the cyclone diameter, it often occurs that flat 
eddies concentric with each other are present 
(see fig. 14). 

That the non-tangential currents in a cyclone 
chiefly follow the walls of the cyclone will be 
clear when the following points are kept in mind. 

In a cyclone the medium is tangentially 
supplied at the circumference and discharged at 
a short distance from the axis. Consequently, 
there must be in addition to the tangential 
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Fig. 14 — Flow pattern of non-tangential currents in 
a hydrocyclone with rather small feed and overflow 
openings. 
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currents non-tangential currents with i.a. com- 
ponents in radial direction to the centre of the 
cyclone. These ”non-tangential currents” are, as 
already mentioned, shown in fig. 13. 

The centrifugal force acts against these 
currents. For this reason a rough-walled cyclone 
has, at the same feed pressure, a larger capacity 
than a cyclone with a smooth wall. In the latter 
cyclone the tangential velocities and hence the 
centrifugal force will be greater as a result of 
lower check on the tangential flow. As a result 
of this, currents from the circumference to the 
centre will experience a stronger resistance. This 
means at the same feed velocity a larger feed 
pressure or at the same feed pressure a smaller 
capacity. 

It will now be clear that the non-tangential 
currents in a cyclone will be strongest at those 
places where there is the strongest check on the 
tangential flow, i.e. along the walls and in par- 
ticular along the large conical wall. This latter 
current extends to deep in the cone of the 
cyclone. 

If into a cyclone particles are fed together with 
the liquid, which have a specific gravity higher 
than that of the liquid, then these particles will, 
if the apex discharge capacity is low, gather 
themeselves in the region just above the apex 
discharge opening. Here the concentration of 
solid particles will in consequence become very 
high. As the non-tangential current along the 
conical wall passes this region, many of these 
particles will be entrained by the current which 
flows rapidly along the air core towards the 
overflow opening. Only particles which leave the 
flow around the air core before the flow reaches 
the vortex finder, will be recycled to the apex 
of the cyclone. It will be clear that only these 
particles have a great chance of leaving the 
cyclone through the apex opening. 

Whether a particle can leave the cyclone core 
before reaching the vortex finder depends on 
the distance the particle, which at first has no 
radial velocity, covers in radial sense in a very 
short time. The formula derived in 2.1.2.: 


ODE I 
0p + Ag, “= g* Din ve Meat (4) 


applies here if the resistance caused by the motion 
of the particle with respect to the liquid may be 
neglected in comparison with the forces of 
inertia. 


S=h 


From the foregoing it is clear that in a cyclone 
a separation based upon the acceleration principle 
is effected. 

Is is furthermore clear that the resistance 
forces may only be neglected in the case of coarse 


particles. 
force of resistance . 
- — — intherange 

forces of inertia 
of laminar flow is proportional to 1/d? and in 
the range of turbulent flow to 1/d, the influence 
of. the resistance increases with small particle 
diameter. For very small particle diameters this 
force of resistance will — almost from the start 
of the motion in radial direction — be practi- 
cally equal to the centrifugal force and therefore 
the rate of fall will, almost immediately, be 
practically equal to tbe rate calculated by Stokes’ 
law (see fig. 1). 

Consequently, for very small particles not 
formula (4) but the following formula according 
to Stokes holds good: 


S-vte= 1/18 g*d2 PT 
ö N 

In principle it may be expected that a determi- 
nation of the 50 % particle size (i.e. the size of 
the particles, of which 50 % are removed from 
the water escaping through the overflow), for a 
given cyclone treating particles of different 
specific gravity will lead to a curve, which, drawn 
on a logarithmical scale, will look as shown in 
fig. 19: 

Fig. 16 shows data which have been accumu- 
lated during tests with a 350 mm cyclone. The 
experimental results are roughly in accordance 
with the theoretical expectation. 

If we assume that the diameter of the air core 
and the g* value are independent of the length 
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Fig. 15 — 50% particle size as a function of the 
specific gravity (theoretical expectations). 
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of the cyclone, all other variables remaining 
constant, then t in (4) and (12) will be inversely 
proportional to the cyclone length. This means 
that a cyclone 2 times longer will givea op - 0/ 
value for coarse particles, YA of the original 
value and a @p - 0/7 value for fine specifically 
heavy particles, % of the original value. 

In practice the suppositions concerning the 
air core and g* are not borne out. Yet it is true 
that with longer cyclones the 0p - 07 value for 
coarse particles, of which 50 % are removed 
from the water escaping trough the overflow, 
decreases rapidly with the length, while this 
decrease is much less rapid for smaller particles 
of high specific gravity. 

From the foregoing it will be clear that in a 
cyclone coatse particles of low specific gravity 
will more or less be separated according to 
specific gravity. The overflow will be free from 
specifically heavy coarse particles; the apex dis- 
charge, however, can contain a small percentage 
of coarse light particles, which have not been 
swept upwards in the core and in consequence 
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have not had the chance of leaving the overflow. 
A long cyclone will give a lower specific gravity 
of separation than a short cyclone. This is clear 
from practice too. For extracting dirt from 
paperfibres, which have a specific gravity only 
slightly higher than water, very long cyclones 
are used [11], while a so-called cyclone washer 
with water for coal is relatively short (see [8] 
and fig. 16). 

In a cyclone operated as "cyclone washer with 
water” the coarse particles, when not of the same 
order of magnitude as the thickness of the 
cyclone core, are separated at a somewhat lower 
specific gravity than the particles which are 
smaller. This is due to the fact that the resistance 
still has some influence on the motion of coarse 
particles (see fig. 16). In this respect a cyclone 
has the same characteristics as a jig, for which 
reason also the results of a cyclone washer with 
water can be improved by giving it a feed con- 
sisting of size fractions obtained by screening. 
Particles which under the influence of gravity 
fall according to Stokes, very often fall in a 
cyclone, according to Newton-Rittinger or have 
Reynolds’ numbers in the Allen range. This is 
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Fig. 16 — 509% particle size as a function of the specific gravity of the particles, for a 350 mm cyclone with 75° 


cone angle operated with water (xx experimental data). 
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one of the reasons why a cyclone wil catch 
spherical particles and throw flat particles having 
the same falling velocity as the spherical ones in 
the overflow (see 2.1.1.). The acceleration effect 
strengthens this tendency because, as a result of 
this mechanism, flat particles behave as if they 
had a lower specific gravity than they in reality 
have (see 2.1.2.). 


3.3. Devices in which use is made of the fact 
that a particle can pass only through an 
opening larger than. itself 


The devices based on this principle, the 
screens, exist in a wide variety of designs. Those 
most widely used are the so-called vibration 
screens, while in some cases use is still made of 
revolving drums fitted with screens. In some 
devices of the screen type use is made of the 
centrifugal force. This kind of centrifugal screens, 
which are manufactured to various designs, is 
still in the development stage and has not yet 
found wide application. In general it may be 
said that screens are still constantly being im- 
proved upon. Technical advance in this field is 
still in full progress. 

Especially if the cut is to be made at a small 
diameter, the capacity of a screen is very low. In 
the potato starch industry, e.g., where vibrating 
screens are used, covered with silkor nylon screen- 
cloth with openings of about 100 u, a vibrating 
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Fig. 17 — D.S.M. screen (sieve bend) for screening 
at 0.5 mm. 


screen with an area of about 20 sq. ft. 
has a capacity of only 14—16 gls./min of potato 
starch suspension. Finer screening is practically 
out of the question here, because in this case the 
openings in the screen cloth would become as 
large as the coarser starch particles. The screens 
would then get blocked and the capacity would 
drop rapidly. In general it may be said that the 
capacity of a screen drops sharply, if the material 
to be screened contains a high percentage of 
patticles, whose size is of the same order as the 
size of the screen apertures, so that these particles 
can easily block the screen. In this connection it 
should be remarked that the wet screening of 
materials such as ores and coals at sizes smaller 
than 0.5 mm is a problem that cannot be solved 
satisfactorily with the screens now available. 
Screening at small sizes, with normal vibrating 
screens is expensive, because the screen decks 
are rapidiy worn and, in general, need much 
repair and maintenance. 


3.4. Devices in which use is made of the fact 
that a particle enveloped by a flowing 
medium is entrained by that part of the flow 
in which it is contaimed wholly or for the 
greater part 


The device working on this principle is the 
so-called D.S.M. screen (sieve bend), developed 
at the Mining Research Establishment of the 
Dutch State Mines. 

As the D.S.M. screen (sieve bend) is a com- 
paratively recent development, a short description 
of its operation will be given. 

Fig. 17 shows a D.S.M. screen (sieve bend) for 
screening at 0.5 mm. 

A mixture of particles and liquid is introduced 
into the weir box and flows via the vertical 
funnel tangentially on to a curved screen surface, 
The screen is made of stainless steel wedge wire, 
with the bars perpendicular to the direction of 
flow. For screening at 0.5 mm the slots must be 
about 1 mm wide. 

The layer of liquid flowing across the slotted 
screen becomes thinner after passing a slot, as a 
layer of about YA mm thickness spouts through 
the slot (see fig. 18), with a velocity smaller than 
the feed-velocity. 

Particles bigger than 0.5 mm are contained 
for more than half of their size in the main 
current flowing across the slot; consequently, 
they remain in this flow and are discharged in 
the overflow. Particles smaller than 0.5 mm can 
be entrained by the 0.25 mm liquid layer passing 
through the slots. As particles of 0.5 mm cannot 
block slots of 1 mm, the D.S.M. screen does not 
block at all. 


The most recent article on this subject is [10]. 
So far, D.S.M. screens for screening at about 20 u 
to about 4 mm have been developed. The great 
advantage of D.S.M. screens is that, while ef- 
fecting a separation similar to that obtained by 
normal screening, they have a much larger ca- 
pacity and, if well designed, do not block, not 
even when a lot of near size material is present 
in the feed. This is the reason why the capacity 
of a D.S.M. screen is not affected by the solids 
in the feed. 

For screening potato starch suspensions at about 
100 u, use is being made of D.S.M. screens 
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Fig. 18 — Detail of D.S.M. screen (sieve bend) showing 
thin layers spouting through slots. 


which, having a screen area of 2 sq. ft. reach a 
capacity of 140—160 gls./min. This means that 
the capacity per unit of screen area is about 
100 times as great in this case as for vibrating 
screens. 

With a D.S.M. screen it is furchermore possible 
to make a separation at a particle size of the 
same order as the size of the starch particles 
without blockage taking place. It is even possible 
to make a cut at such a fine size, that a large 
part of the starch particles goes into the coarse 
fraction. The starch suspension can thus be 
separated into several fractions which can then 
be cleaned separately, for instance in a cyclone. 
From what has been said in the discussion of 
the cyclones, it will be clear that separate 
treatment of screening fractions facilitates the 
cleaning process in cyclones. 
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NOTATION 

S = path covered by the particle in the medium 

v = velocity of particle 

t = time in which the path $ is covered 

K = force causing the acceleration a 

a = acceleration 

mp = mass of the accelerated particle 

mw/= mass of the liquid or medium entrained by the 
particle 

2c = length of ellipsoid axis // direction of travel 

2b = diameter of ellipsoid _| direction of travel 

d = diameter of sphere, particle size 

0p = density of particle 

0! = density of liquid or medium 

Cı = constant 

© = constant 

A = thickness of a particle, thickness of a disk 
shaped particle 

V = volume of particle 

n = viscosity of medium 

g° = acceleration as a result of gravity or centrifugal 
force in the field considered 

O = conversion factor — 
velocity disk with diameter d 
velocity sphere with diameter d 

A volume of liquid entrained by particle 


volume of particle 
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WET AND DRY REGIONAL METAMORPHISM 


Q. A. PALM! 


SUMMARY 


Regional metamorphic rocks which for the greater 
part are formed at the expense of sedimentary layers 
can be subdivided into two distinct series: the "schist- 
granite series” and the ”schist-granulite series”. A 
difference in mobility of quartzofeldspathic elements 
during metamorphism is assumed to be the origin of 
the formation of the two distinct series. This mobility 
of the quartzofeldspathic elements depends on the 
presence of volatiles. Water gives way to hydrothermal 
and pneumatolytic solutions which causes the migration 
and redistribution of quartzofeldspathic elements during 
the metamorphism leading to the formation of the 
”schist-granite series” (wet metamorphism). If no water 
or other volatiles are present no large scale redistribution 
of matter is possible and regional metamorphism leads 
to the formation of the ”schist-granulite series” (dry 
metamorphism). 

It is finally assumed that the contrast wet-dry 


. metamorphism is evoked by different geothermal 


gradients during metamorphism. 


I. INTRODUCTION 


In the literature concerning metamorphic 
rocks and metamorphism distinction is often 
made between iso- and allochemical metamor- 
phism. 

Most subdivisions of metamorphic rocks into 
metamorphic ”zones” or "facies”, derived from 
the study of the mineral assemblages, do not ac- 
count for possible changes in the chemical com- 
position of the rocks during metamorphism and 
are thus based on the isochemical principle. 

The isochemical conception, however, has 
been felt as a disadvantage in the study of e.g. 
the migmatites wich are by most authors con- 
sidered to have been formed by the introduction 
of matter from without. In order to distinguish 
these rocks from those whose chemical compo- 
sition, during metamorphism, is supposed to 
have undergrone no change, special names have 
been introduced for this mixed type of rocks: ”in- 
jectiongneisses”, "permeation-gneisses”, "metaso- 
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matic rocks”, "migmatites”, etc. To overcome these 
difficulties in terminology, the french authors 
Jung and Roques (1952) therefore introduced a 
subdivision of metamorphic rocks distinguishing 
"ectinites” and ”migmatites”, the first class of 
rocks including the rocks formed by isochemical ; 
metamorphism, the "migmatites” covering the 
rocks ‚which had a supply from without of es- 
sentially quartzofeldspathic matter. 

This subdivision, however, entails many serious 
difficulties in its application in the field since 
it is often hazardeous to ascertain whether or not 
a rock had a supply of quartzofeldspathic matter. 

Furthermore it seems fallacious to us to dis- 
tinguish between iso- and allochemical meta- 
morphism because "metamorphic rocks always 
have suffered a change in composition” as stated 
by Barth (1957). Recalling finally the unfruitful 
discussions concerning the term "migmatite”, it 
may be concluded that any subdivision based on 
genetic considerations will necessarily lead to 
ambiguities as long as the principles of meta- 
morphism are controversial. 

If only petrographic characteristics are used as 
a basis for crystalline rock classification, two 
distinct series of regional metamorphic rocks can 
be distinguished: the first series is formed by 
the well known succession of metamorphic rocks: 
ınicaschists - gneiss - migmatites - granite, 
quoted hereafter as the "schist-granite series”, the 
second by the sequence: micaschists - gneiss - 
granulite, quoted as the "schist-granulite series”. 

In this paper it will be endeavoured to show 
that fairly well known features of rock types be- 
longing to each of the series, seen in the light 


‘cf the rapidly growing knowledge of pertinent 


physico-chemical data lead to the view that 
different mobility of quartzofeldspathic com- 
ponents dependent on different content of vola- 
tiles (HsO in particular) is one of the main 
factors that determines which kind of rocks are 
formed by regional metamorphism. 


vn 
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U. THE ”"SCHIST-GRANITE SERIES” 
1. Introduction 


The classical rock succession: micaschists - 
gneiss - migmatites - granite which constitutes 
the present series is too well known to need 
further introduction. 

The literature treating regions built up by the 
present series shows that there is a great similarity 
between rock types and their succession in the 
many examples described. From this fact a dia- 
gram can be composed (fig. 1 ) in which the dif- 
ferent rock types belonging to the series are set 
out against the metamorphic facies; each 
column then presents the rock types which are 
supposed to be the results of the progressive 
metamorphism of a parent rock or sediment of 
given chemical composition. 


2. Greenschist facies 


Besides the common petrographic character- 
istics shown by the tocks belonging to this facies 
- recrystallization of some sedimentary minerals 
(quartz, calcite) and the formation of new miner- 
als (micas, albite, epidote etc,) - two features 
have drawn our attention. 

One is the presence in micaschists of quartz 
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lenses and veins möstly parallel to the schisto- 
sity. If we suppose, as is generally done, that 
these lenses are synmetamorphic we may conclude 
that silica has been rather mobile in the physical 
conditions governing the greenschist facies. 

A second feature, the presence of so-called 
albite schists in the micaschists mostly belonging 
to the lower part of the greenschist facies, has 
been recorded frequently. It is often argued that 
the albite porphyroblastesis which gave rise to 
tbe albite schists is a typical feldspathisation 
jhenomenon due to the introduction of sodium 
from without. 'This Na-metasomatism is thought 
to be more or less independent of the regional 
metamorphism itself. ‘This conception seems 
to hold true in cases where it could be ptoved 
that the introduction of albite is bound to fault 
zones, diabase dykes, etc. As for the formation in 
extended metamorphic schist complexes, how- 
ever, the hypothesis of a Na-metasomatism raises 
the problem of the source of the solutions con- 
aining Na. 

Tobi (1959), on the other hand, has shown in 
some alpine albite schists, that no such a supply 
ftom without is needed to explain their forma- 
tion. 

The present author, in his study of a crys- 
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Fig. 1 — Development of the principal rock types of the ”schist-granite series” (for explanation see text). 
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talline complex in the SE-Cevennes, France 
(Palm, 1957), adopted the idea introduced by 
Nieuwenkamp (1956), in accounting for the 
albite formation in the observed albite schists by 
a simple fixation of Na derived from the sea- 
water which, when metamorphism set in, was 
still incorporated in the sediments. The fixation 
may be illustrated by the formula: 
2NaCl + MgO, AlsO;, 6Si0a —- 
2NaAlSi3O3 + MgCl». 

We also assumed that metamorphism took place 
during the period of burial of the sediments, 
let us say in the geosynclinal stage (see also Ken- 
nedy, 1955, p. 512). 

Whatever may be the source of the Na, the 
albite porphyroblastesis justifies the statement 
that the albitic elements have been mobile in the 
greenschist facies. 


3. Albite-epidote-amphiboliie facies 


Quartz and feldspar mobilisation becomes 
intenser as is shown by the appearance of 
feldspar-bearing micaschists and gneisses. In this 
sense the presents facies can be seen as a tran- 
sitional stage between the greenschist and the 
amphibolite facies. 


4. Ampbibolite facies 


Different types of gneisses (except ”augen- 
gneisses’, which appear later in the series) 
quoted hereafter as "ordinary” gneisses, are the 
common rocks in the upper part of this facies. 
Besides quartzite and marble layers, the gneisses 
often contain amphibolite layers. 

The origin of the amphibolites is rather 
ambiguous; some can be considered as the result 
of the alteration of basic igneous rocks (ortho- 
amphibolites), others as the results of the trans- 
formation of sediments rich in lime i.e. impure 
limestones or marls (para-amphibolites). A third 
type finally seems to result from the replacement of 
pure limestones or dolomitic limestones. The 
evidence of such "replacement amphibolites” is 
proved by the fact that marble layers or lenses 
are generally surrounded by an amphibolitic rim 
of varying thickness, a so-called ”reaction-rim”. 
In order to transform a marble into an amphi- 
bolitice type of rock, at least silica, alumina 
and sodium have to be introduced, which again 
proves the mobility of these elements. The above 
mentioned "ordinary” gneisses pass more or less 
tapidly into the, for the present series, so typical 
augengneisses”. 

These gneisses are characterized by the concen- 
tration of the quartzofeldspathic minerals into 
rather irregular lenticular masses and by the 
development of K-feldspar ”augen”. Moreover 


they often contain pegmatites that are quite 
different from those which are generally found 
as crosscutting dykes in connection with intrusive 
granites or other igneous rocks. The pegmatites 
under discussion are always formed by K-feldspar 
and quartz, the feldspar often includes minute 
grains of minerals which are found in the gneiss 
(plagioclase, quartz, gatnet etc.). They form 
rather irregular bodies varying from small plots 
composed by several crystals to long stretched 
masses of layers, the thickness of which may 
exceed one meter and which are roughly parallel 
to the foliation. As Barth (1955)) remarks in his 
paper on augengneisses from Southern Norway, 
”there is no sharp distinction between a small 
plot of pegmatite containing 5, 10 or 15 cıystals, 
and an ”auge” in the gneiss”, which fact makes 
evident the direct relation between the formation 
of the feldspar ”augen” and the pegmatites. 

The formation on ”augen” and pegmatites, 
requires a mobility of the K-feldspar elements. 
The question concerning the source of these 
elements will be treated later on. The mobility 
of the quartzofeldspathic elements is further- 
more shown by the following characteristics. 

Just like the ”ordinary” gneisses the augen- 

gneisses often contain layers of amphibolite 
which are surrounded also by a reaction rim, 
this time composed of biotite and plagioclase. 
The transformation of amphibolite into biotite- 
plagioclase gneiss can easily be explained by the 
reactions: 
amphibole + K-feldspar—> anorthite + biotite 
—- quartz, 
anorthite + albite—> plagioclase. 
These reactions again leave no doubt as to the 
mobility of the quartzofeldspathic elements. 
In deeper zones of the augengneisses of the 
Cevennes region the amphibolite layers often 
with a thickness of several meters, are almost 
entirely changed into the mentioned biotite- 
plagioclase gneiss, only the cores of the thickest 
layers may still be amphibolite; obviously thicker 
amphibolite layers need a greater lapse of time 
to be completely transformed. 

The few reports on occurrences of marble 
layers in augengneisses allow us to suppose that 
their presence becomes the scarcer the more we 
proceed into deeper metamorphic zones. This 


‘can be explained by the fact that only the thickest 


marble layers will partially survive the amphi- 
bolitisation which we mentioned before, while 
the others are entirely transformed. In the deeper 
augengneiss zone the amphibolites thus formed 
at the expense of marbles are readily changed 
into biotite-plagioclase gneiss. Surviving marble 


layers may therefore be expected to be sur- 
rounded by a biotitic reaction rim instead of an 
amphibolitic one appearing in the ”ordinary” 
gneisses. This feature can indeed be observed in 
the Montagne Noire region of the southern 
Cevennes, France, where marble inclusions in 
the migmatites are found to be surrounded by-a 
biotitic rim, while amphibole is lacking. 
Thus in the amphibolite facies marble layers 
will give way to the following. transformations: 


”Ordinary” gneiss zone 
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The migmatites studied by the author in the 
Cevennes region (op. cit.) appear in the same 
succession as described above. The augengneisses 
grade into crocydites by the development of 
granitic patches in the gneiss; with depth the 
granitic component becomes more important, 
thus giving way to dictyonitess and some 
agmatites finally the deepest parts of the complex 
are composed of nebulites and some granite. 

The successions mentioned so far: ”ordinaty” 
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With depth the augengneisses generally grade 
into migmatites. As the term migmatite is used 
in different meanings nowadays, we have to 
define precisely what the term denotes. In his 
paper mentioned already the author introduced 
a purely descriptive definition differing slightly 
from the one proposed by Turner & Verhoogen 
(1951, p-294). Migmatites are rocks, at 
the scale of the outcrop, consisting 
of two or more components, one of 
which being isotropic; the isotropic 
component need not be granitic. 

The migmatites can further be subdivided 
into the following types: 
Phlebites (Scheumann). The isotropic component 
forms veins or lenses mostly parallel to the 
schistose host rock. They include the rocks which 
are known the names of arterite, venite, Ader- 
gneiss, etc. 
Crocydites (De Waard). The tetm is used for 
migmatites whose isotropic component forms 
irregularly shaped bodies or veinlets in the mainly 
foliated, host rock. 
Dictyonites (Sederholm). The irregular bodies 
and veins of the former type of migmatites 
occupy greater parts of the rock in such a way 
‘ that the former "host rock” seems to be entirely 
enclosed by the isotropic component. The bound- 
ary between the components, which was still 
rather sharp in the crocydites, has become vague. 
Agmatites (Sederholm). Unoriented masses of 
other components are embedded in the isotropic 
part of the migmatite, thus resembling a very 
coarse breccia. 
Nebulites. This last type of migmatite is mainly 
composed of an isotropic rock type, in which a 
vague banding or "schlieren” are seen mostly 
caused by differences in the mineralogical com- 
position. 


gneisses - augengneisses - crocydite - dictyonite 
atıd agmatite - nebulite - granite, is by no means 
restricted to the Cevennes region, and without 
citing the many examples of similar successions, 
it can be stated that the rock succession described 
here is typical for all, so called ”granitisation” 
regions. 

In order to explain the formation of the 
migmatites referred to above many theotries have 
been developed. In our conclusions concerning the 
Cevennes complex, we showed, however, (op. cit., 
pp: 87-89) that only the theory of a partial or dif- 
ferential anatexis (Eskola, 1933) can adequately 
explain the formation of the migmatites. We 
also argued that the physico-chemical conditions, 
as they could be deduced from the mineral as- 
semblages, made the most probable the formation 
of an eutectic melt of the system Qu-Ab-Or-H30. 
Anatexis can be conceived to start in those parts 
of the rock where, under the prevailing PT con- 
ditions, the composition is nearest to the 
eutectical composition; this local fusion accounts 
tor the formation of the granitic patches of the 
crocydites. P and T are supposed to increase with 
depth, anatexis can affect greater parts of the 
rock and this explains why the granitic com- 
ponent of the migmatites becomes more im- 
portant with depth. The nebulites and anatectic 
granites seen in this light are formed by the 
consolidation of a mass composed of a melt with 
interspersed crystals. These crystals resist fusion 
either because they do not fit in the eutectic com- 
position or simply because the necessary heat of 
melting was not available. 

The anatexis can be considered as the ad- 
vanced stage of the mobilisation of the quart- 
zofeldspathic elements. The most important 
feature of the anatexis seems to be the tendency 
of bringing forth a homogenisation of the entire 


248 


rock mass. This is clearly shown by the almost com- 
plete absence in the nebulites of amphibolites, bio- 
tite-plagiocase gneisses, quartzites, etc, which for- 
med distinct layers or lenses in the augengneisses. 
The chemical composition of these layers or lenses 
is greatly different from the eutectic composition, 
so that they cannot be affected by the anatexis. 
Hence, their progressive disappearance in the 
migmatites zone can be ascribed only to a pro- 
gressive disintegration caused by the penetra- 
tion of the eutectic liquid into these layers and 
by the adjustment of their mineralogical compo- 
sition to that of the enclosing mass e.g. by the 
transformation of still surviving amphibole into 
biotite and plagioclase. Dark "schlieren” and 
spots rich in biotite, generally present in the 
nebulites and anatectic granites, can be con- 
sidered as the remnants of amphibolites and 
other basic rock types occurring in the augen- 
gneisses. 
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All features of the ”schist-granite series” dis- 
cussed in this chapter illustrate the progressive 
mobility of quartzofeldspathic matter with in- 
creasing metamorphic degree. Besides, as argued 
in our paper concerning the Cevennes region 
(op. cit.) the formation of the whole ”schist- 
granite” complex could be explained by this 
progressive mobility of the quartzofeldspathic 
elements of the rocks themselves, and there is 
no need at all to call upon an introduction of 
juvenile matter furnished by magmatic intru- 
sions, by emanations of granitising solutions or 
by the dıy diffusion of elements; no appeal 
need be made to hidden parts of the earth’s 
interior. 


III. THE "SCHIST-GRANULITE SERIES” 


Many cıystalline basement complexes are 
largely constituted of granulites and associated 
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Fig. 2 — Development of the principal rock types of the ”schist-granulite series” (for explanation see text). 


rock types. These rocks are generally accompanied 
by micaschists and gneisses which represents the 
upper parts of the exposed series. So nature 
offers us, besides the already discussed ”schist- 
granite series”, another series, roughly composed 
of the succession: micaschist -gneisses - granu- 
lite here referred to as the ”schist-granulite 
series”. 

The granulites have always been considered 
as a very special rock type, for which reason 
they received so much attention. 

Whereas the micaschists and gneisses of the 
present series are not so different from schists 
and ”ordinary” gneisses of the former series, the 
granulites and associated rocks do not show at 
first sight, any resemblance to rock types of the 
"schist-granite series”. The two series, however, 
very likely have one point in common, i.e. 
sedimentary origin of the greater part of the 
parent matter; it is almost generally agreed upon 
that both series were a result of the metamorphism 
of mainly sediments; this of course, permits. a 
comparison between the two series. 


The very close petrographic resemblance be- 
tween micaschists, gneisses and associated rock 
types of the two series seems to indicate that 
the physico-chemical conditions during the for- 
mation of the upper parts of the two series, 
were roughly the same. It must be remarked, 
however, that the study of the micaschists and 
the gneisses belonging to the present series has 
somewhat been  neglected, perhaps because of 
the importance of the granulites. There are for 
instance no reports, as far as we know, on the 
presence of albite schists in the ”schist-granulite 
series”. Thus no conclusions can be made about 
the mobilisation of albitic elements. Indications 
about thicknesses of schists and gneisses are 
also lacking, although there are reasons to believe 
that these rock types attain greater thicknesses in 
the present series than in the ”schist-granite 
series”. This involves at least greater pressures 
in the formation of the present schists and 
gneisses. Downwards from the gneiss level, how- 
ever, differences between the two series become 
clearer. While the "”ordinary” gneisses of the 
”schist-granite series” grade more or less rapidly 
into augengneisses, the gneisses of the present 
series pass into the granulites, which seem to 
differ from the gneisses only by their higher 
metamorphic degree. Recent studies on granulite 
complexes (Korjinski, 1936; Eskola, 1952; 
Scheumann, 1954; Parras, 1958) show that the 
granulites are accompanied by different rock 
types namely quartzites, marbles, pyroxene 
gneisses, etc. Even some charnockites, and similar 


249 
rocks are considered by several authors (Kor- 


jinski, Parras) as metamorphic rocks intimately 
related to the granulites. 


Granulite complexes are generally composed 
of alternating layers of different composition, 
which at first sight may give the impression of 
being but unmetamorphosized sedimentary strata. 
The almost complete absence of a homogenisation 
in the granulites is to be regarded as the most 
striking difference between the granulites and 
the high grade metamorphic rocks (migmatites) 
of the "schist-granite series” in which, as we 
have seen, homogenisation played such an im- 
portant part. This difference can, in our opinion, 
only be explained by a restrained mobility of the 
quartzofeldspathic elements. T'his conclusion is 
strengthened by the following characteristics 
displayed by the granulite series. 

First, we have to draw attention to the absence, 
in the presents series, of augengneisses. Scheu- 
mann (1954) mentioned the presence of "augen- 
granulites” in the famous saxon granulite series, 
but these rocks can in no way be compared to 
the typical augengneisses of.the "schist-granite 
series”. If it is allowed to suppose that PT con- 
ditions for a certain part of the "schist-granulite 
series” were roughly the same as for the augen- 
gneiss zone of the "schist-granite series’, then the 
absence of augengneisses in the present series 
can be ascribed only to a relative immobility of 
the K-feldspar elements. 


Secondly, granulite complexes often present 
quartzite and marble layers. The latter, though 
showing thin reaction rims of amphibolite or 
skarn, are seldom completely changed into lime- 
silicate rocks, as is frequently seen in augen- 
gneisses and migmatites. Then if Si, K and Na 
ions can move through crystalline rocks by dıy 
diffusion, as easily as it is assumed nowadays, we 
do not see why these elements, omnipresent in 
the granulites, did not entirely transform the 
marble layers. 

Another striking example of the immobility 
of the quartzofeldspathic elements can be de- 
duced from the conclusions made by Parras 
(1958) concerning the instability of hornblende 
in the charnockitic rocks of SW Finland. The 
following reactions have been given by this 
author to illustrate the instability of hornblende 
in the granulite facies: 


_ clinopyroxene 


Hornblende + quartz > plagioclase + > biotite 
> orthopyroxene 


In alternating bands of a few cm thickness Parras 
recorded the following mineral assemblages: 


250 


plagioclase + hornblende + pyroxene; diopsidic 
pyroxene + biotite + quartz; plagioclase + 
more. 

The author then concludes (p. 108): "Because 
here appears a repeated banding of rocks oc- 
curring as masses of large volumes, the presence 
cr absence of hornblende cannot be -explained 
as a result of a rhythmic alternation of PT con- 
ditions, neither is it caused by the different 
water content alone, but. rather by the bulk com- 
position of the band. The deficiency of silica and 
water, assisted by the presence of titanium, has 
extended the stability field of the hornblende, in 
the scheme of the mineral facies, into the pyro- 
xene field”. Here again the impossibility for silica 
to move over short distances is cleariy shown, 
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chemical metamorphism. 

Finally the immobility of the elements which 
as we have seen characterizes the "schist-granu- 
lite series”, seems to be released for a part by the 
fusion of the granitic components. Several 
authors (Dunn, 1942; Michot, 1956; Parras, 
1958) indeed called upon the process of differ- 
ential anatexis in order to explain the formation 
cf normal granitic or charnockitic rock types 
which show magmatic features. 


IV. CONCLUSIONS 
In the preceding chapters we have shown that 
a difference in mobility of the quartzofeldspathic 
elements can account for the deveiopment of the 
two definite series of regional meramorphic 
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Fig. 3 — Diagram showing the relation between the principal regional metamorphic rock types, depth of 


burial and the geothermal gradient. 


otherwise no hornblende would have been found. 
As to the idea concerning the migration of 
elements over long distances Parras remarks 
(p. 65): "On the basis of the rocks examined by 
the present author, however, there seems not to 
exist any necessity to adopt metasomatic inter- 
pretations on the large scale”. 

These few examples illustrate the near im- 
mobility of the elements in the granulite series. 
It can therefore be assumed that the alternating 
bands or layers of different rock types in the 
granulite series resulted from the metamorphism 
of alternating sedimentary strata of different 
chemical composition. The metamorphic process 
by which the granulite series were formed, can 
thus be considered as approaching closely to iso- 


rocks: the ”schist-granite series” charaterized by 
an extreme mobility of the elements, and the 
"schist-granulite series” in which mobility can be 
considered almost negligible. 

Now the question arises how such a different 
behavior of the quartzofeldspathic elements can 
be explained, especially if it is assumed that, at 
least for certain parts of the two series, PT con- 
ditions of formation have been the same. In our 
-opinion, the simplest explanation is found if the 
water content of the rocks during metamorphism 
is taken into consideration. Thus, for instance, 
the ”schist-granite series’ can be thought to have 
tesulted from the progressive metamorphism of 
sediments saturated with seawater (wet meta- 
morphism), while the "schist-granulite series” 


should have been formed in about the same PT 
conditions but at the expense of relative "dry" 
sedimentary layers (dry metamorphism). It will 
be argued, however, at the end of this paper, 
that the contrast wet-dry metamorphism might 
also be evoked by different geothermal gradients 
during metamorphism. 

Ever since the last century the important part 
played by water in metamorphism has been 
recognized and stressed by many authors. So, 
recently, Yoder (1955), in an important paper 
concerning this role of water, stressed the pre- 
ponderant influence of the water content and the 
related water pressure on the resulting mineral 
assemblages. It is made clear by his study that 
the mineral assemblages by themselves are not 
a teliable basis for determining the PT con- 
ditions of metamorphism, if little is known 
about the water content of the rocks during 
metamorphism. 


Yoder, however, made no statement about the 
role of water as a mobilising agent, which may 
account for the displacement of the quartzofeld- 
spathic elements during metamorphism. The dis- 
solving power of water under high PT con- 
ditions, and especially under supercritical con- 
ditions, on quartzofeldspathic minerals is a t00 
well known fact to need further comment; the 
different mobilisation stages shown by fig. 1 are 
in close harmony with the results of experi- 
mental studies on the solubility of quartz and 
feldspars in hydrothermal and pneumatolytic 
solutions. 


The study of Frederickson and Cox (1954) 
shows that under the same hydrothermal con- 
ditions quartz has a higher solubility than albite. 
This accounts for the fact that quartz has been 
mobilized earlier i.e. under lower PT' conditions 
than albite as it is seen in fig. 1. 


K-feldspar, on the other hand, is a typical 
mineral of pegmatites which are generally con- 
sidered to have been formed under pneumatolytic 
. conditions. This also implies that PT' conditions 
in which K-feldspar is mobilized will be higher 
than those governing the hydrothermal stage. 

Furthermore water plays a part in the differ- 
ential anatexis which is the next stage of mobili- 
sation of the quartzofeldspathic elements. T'he 
theory concerning the differential anatexis in 
found to be in accordance with the recent results 
of experiments in this field (Tuttle, 1952; 
Winkler, 1957). The essential condition for 
anatexis to take place at about 700° (see fig. 1) 
is the presence of 2-10 % of water (Tuttle). 
In our conclusions (op.cit.p.88) concerning the 
formation of the migmatites of the Cevennes 
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region we demonstrated that water had been 
sufficiently present during the anatectic stage, 
in contrast to the statements made by Ramberg 
(1952) that by the time the rocks have reached 
the amphibolite facies almost all water would 
have been squeezed out. 

If it can thus be safely assumed that during 
the formation of the "schist-granite series” water 
had been adequately present, this formation can 
be briefly summarized as follows. 

Sediments saturated with sea-water e.g. geo- 
synclinal sediments brought into deeper levels of 
the earth’s crust are subjected to progressive 
metamorphism. Parallel t0 the successive de- 
velopment of "index-minerals”, characterizing 
the increasing metamorphic degree, the included 
water, by giving way to hydrothermal and pneu- 
matolytic solutions with rising P and T', leads to 
a mobilisation and redistribution of the quartzo- 
feldspathic elements. The solutions tend to 
migrate upwards. This means that the saturated 
solutions when coming from deeper levels into 
higher parts of the rock column where P and T, 
and, accordingly, solubility are lower, have to 
deposit a part of the dissolved matter on the 
way upwards. So with increasing metamorphism 
the following elements are successively mobilized 
and transported upwards into higher levels 
where they are concentrated: quartz and albite in 
the hydrothermal stage, K-feldspar in the pneu- 
matolytic stage. 


At still deeper levels P and T will reach a 
point at which differential fusion begins and 
leads to the formation of the migmatites and the 
anatectic granites. Thus all the features of the 
”schist-granite series’ mentioned before can be 
easily explained by the principle developed above 
(see also Rittmann, 1957). 

We now come to the "schist-granulite series”. 
The virtual absence of hydroxyl bearing minerals 
is one of the most important features of the 
granulites which are known as ”dry” rocks. 
Because of this ”dryness” most authors actually 
believe that the granulites were formed in dry 
conditions i.e. no water being present during 
metamorphism. If this conception holds, mobili- 
sation and displacement of elements as described 
for the ”schist-granite series”, will be very limited. 

Now it has been shown in the section on the 
”schist-granulite series’ that we arrived at the 
same conclusion when considering the features 
presented by the granulite series. Hence, it may 
be supposed that the ”schist-granulite series” 
resulted from the metamorphism of a ”dry” 
sedimentary rock series. In our paper concerning 
the Cevennes region (op.cit.), however, we in- 
troduced the idea that both series might be the 
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result of the metamorphism of similar sediments 
i.e. saturated with seawater, but that the different 
end stages has to be ascribed to a different geo- 
thermal gradient. This can be summarized as 
follows. 

Let us consider the top of the amphibolite 
facies, for which T, in the case of the "schist- 
granite series”, is somewhere between 560 and 
600°. Assuming a very steep geothermal gradient 
of 50/km, this level will lie between 11 and 12 
km depth. Enough water can be conceived to 
have been present unto this depth to form, inter- 
granular pneumatolytic solutions responsible for 
the formation of augengneisses and their ac- 
companying features. 

If, on the other hand, there is a gentle geo- 
thermal gradient of 20°/km in metamorphism, 
the same temperatutes are reached at 29 km 
depth. Now not only the pressure was much 
higher but it is also probable that at this depth 
the water content was considerably lower. Hence 
physico-chemical conditions of metamorphism at 
this level were those which are generally con- 
sidered as having caused the formation of the 
granulites. At still deeper levels temperature may 
finally reach the value at which a dry eutectic 
melt of the system Qu-Ab-Or will orginate. This 
explains the anatectic features in the granulite 
series. At the micaschists level, on the other hand, 
water has probably still been present sufficiently 
to give way to hydrothermal solutions. Therefore 
the micaschists of the two series are apt to show 
the same characteristics. 

As it is suggested by fig. 3 an intermediate 
geothermal gradient will lead to a rock series 
intermediate between the two extreme types dis- 
cussed above. The existence of such intermediate 
rock series e.g. in the Central Massif of France 
can be deduced from the important study of 
Roques (1941) on the SW part of this massif. 
Acknowledgement. — The author is greatly in- 
debted to Professor Nieuwenkamp for his critical 
reading of the manuscript as well as for his many 
instructive suggestions. 
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WETENSCHAPPELUJKE MEDEDELINGEN 


OCCURRENCE OF BETIC OF MALAGA ELEMENTS IN THE SOUTHEASTERN 
PART OF THE BETIC CORDILLERAS (SE SPAIN) 


Geological investigations in the Sierras de Al- 
magro, Cabrera and Alhamilla in the south- 
eastern part of the Betic zone of southeastern 
Spain, have revealed in these ranges the presence 
of isolated outcrops of non-metamorphic rocks, 
tectonically overlying low-grade metamorphic 
rocks of the so-called Alpujarrides. The non-meta- 
morphic rocks belong to the tectonic unit or 
complex which is known as "Betic of Mälaga”, a 
fact proved by the comparison with assemblages 
from acknowledged Betic of Mälaga outcrops, i.a. 
from the region near Mälaga. In the area to the 
southeast of Huercal-Overa, in the western part 
of the Sierra de Almagro, the Betic of Mälaga 
appeats to be represented by: (1) a Graywacke 
Formation (Paleozoic); (2) sandstones and con- 
glomerates (presumably Permo-Triassic); and (3) 
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Crystals and the polarizing microscope. A 
Handbook for chemists and others, by N. H, 
Hartshorne and A. Stuart. 3rd edition. xv -+ 
557 p., 339 fig. Edward Arnold (Publishers) 
Ltd., London 1960. Prijs geb. £ 4.—. 


Na een 2de druk in 1950 (besproken in G. en M., 
no. 5, 1951) en een herdruk in 1952 is thans een 3de 
editie van dit voortreffelijk handboek verschenen. Ten- 
einde het boek zo up-to-date mogelijk te houden heb- 
ben de schrijvers wederom tal van herzieningen en 
aanvullingen aangebracht, terwijl ook het aantal fig. 
is uitgebreid. 

De inleidende hoofdstukken I—IV welke betrekking 
hebben op de structuur, vorm, optische eigenschappen 
en projectiemethoden der kristallen zijn nagenoeg on- 
veranderd gebleven. Slechts het hoofdstuk aangaande 
de optische eigenschappen werd aangevuld met een uit- 
gebreidere theoretische behandeling van de elliptische 
polarisatie. 

De behandeling van het polarisatiemicroscoop 
(hoofdst. V) werd uitgebreid met een theoretische be- 
schouwing van het oplossend vermogen en met een 


limestones (Mesozoic and Eocene). The provisio- 
nal results of investigations by O. J. Simon (Am- 
sterdam) suggest that in the Sierra de Almagro 
the Betic of Maälaga is restricted to a number of 
relatively small outcrops and that the bulk of 
this range consists of rocks that show affinity to 
Alpujarride elements. 


The occurrence of the Betic of Mälaga elements 
in the southeastern part of the Betic zone seems 
difficult to harmonize with the concept of a 
parautochthonous nature of the Betic of Mälaga. 
Their distribution and position suggest that the 
elements belong to a tectonic unit which region- 
ally overlies the Alpujarrides. 


T. de Booy 
C. G. Egeler 
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bespreking over verschillende belichtingsmogelijkheden. 
Meer aandacht werd besteed aan de bepalingen van 
zeer geringe dubbelbrekingen en de optische verschijn- 
selen bij gesuperponeerde kristalplaatjes (hoofdst. VII). 

Een geheel hoofdstuk (IX) werd gewijd aan de ver- 
schillende fasen der vloeibare kristallen en hun opti- 
sche eigenschappen. Beschrijving, theorie en praktijk 
van in Engeland in gebruik zijnde enkel-assige draai- 
tafels en van de Universeel-draaitafel zijn samengevat 
in een nieuw hoofdstuk (X). We missen hier echter 
de beschrijving van enkele, buiten Engeland ontwor- 
pen apparaten zoals b.v. de door Leitz uitgebrachte bol 
van Waldman, het kleine bovensegment bij de Univer- 
seel-draaitafel, waarmede een preciesere bepaling van 
de ligging der optische assen kan worden verkregen, 
en voorts de door Nachet uitgebrachte en door Bordet 
ontworpen 4-assige draaitafel. 

Een belangrijke en uiterst welkome aanyulling vindt 
men in het eveneens nieuwe hoofdstuk (XI) dat han- 
delt over de verschillende "hot and cold stages” en 
over de toepassing van deze tafels bij de bepaling van 
brekingsindices en mineraalevenwichten. 

Het laatste hoofdstuk (XIII), tenslotte, waarin voor- 
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beelden van optisch onderzoek van materialen worden 
behandeld, is herzien en uitgebreid. Het zwaartepunt 
ligt hier op het onderzoek van organische stoffen en 
i.h.b. van kunstvezels. 


Afgezien van de genoemde herzieningen en aanyul- 
lingen is deze laatste uitgave gelijk gebleven aan de 
2de druk, ook wat de zeer verzorgde druk en uitvoe- 
ring van het werk betreft. 

Voor allen, die met het polarisatiemicroscoop wer- 
ken is dit boek ongetwijfeld een waardevolle handlei- 
ding. Opgemerkt dient echter te worden, dat het boek 
in de eerste plaats is geschreven voor chemici, zodat 
geologen en mijningenieurs bijvoorbeeld tevergeefs zul- 
len zoeken naar toepassingen verband houdende met 
gesteentevormende mineralen en ertsen .Voor hen zal 
dan ook, indien men daarbij nog de wederom belang- 
rijk gestegen prijs van het werk in aanmerking neemt, 
een deel van de aantrekkingskracht, die ongetwijfeld 
van dit zeer goede handboek uitgaat, verloren gaan. 
Het ware daarom te wensen, dat de schrijvers bij een 
volgende druk, het boek in twee afzonderlijke delen, 
een theoretisch en een praktisch deel, zullen doen ver- 
schijnen. 

OR 


Mineralogy concepts descriptions, by L. G. Ber- 
ry & B. Mason. xi + 612 p., with illus. W. H. 

Freeman and Co., San Francisco, 1959. Prijs geb. 
$18.75: 


Dit leerboek biedt de leerstof der mineralogie zoals 
deze aan de Nederlandse Universiteiten en Hogescho- 
len gedoceerd wordt. Het boek omyat drie delen. 

Deel I (278 p.) behandelt de grondslagen der kristal- 
lografie en mineralogie. De beginselen der kristallogra- 
fie: structuur, symmetrie en vorm der kristallen, de 
kristalklassen, kristalprojecties en berekeningen, worden 
zeer duidelijk uiteengezet en verhelderd door tal van 
figuren, waarbij vooral de originele en overzichtelijke 
wijze van afbeelding der kristalvormen opvalt. 


De hoofdstukken over de kristalchemie en de kristal- 
fysica zijn zeer beknopt gehouden. Voor de kristal- 
optiek, waaraan in dit boek slechts 3 p. zijn gewijd, 
wordt verwezen naar de desbetreffende leerboeken. 

De mineraalgenese vormt een afzonderlijk hoofd- 
stuk; het ontstaan en voorkomen der mineralen wordt 
hierin behandeld in het licht van de verschillende ge- 
steentevormende processen. 


Dit algemene deel wordt besloten met een hoofdstuk 
over de determinatie en de systematiek der mineralen. 

Deel II (287 p.) is gewijd aan de beschrijving van 
de 200 belangrijkste mineralen. Voorafgaande aan de 
afzonderlijke beschrijving van mineralen behorende tot 
een bepaalde mineraalgroep worden de algemene ken- 
merken van de groep: structuur, fysische en chemische 
eigenschappen, behandeld. De mineraal-beschrijving 
omvat naast de algemene kenmerken van het mineraal 
(uitgezonderd de optiek) een samenvatting van het 
voorkomen en van de belangrijkste vindplaatsen, ter- 
wijl van mineralen behorende tot de nuttige delfstof- 
fen ook enkele produktiecijfers worden gegeven. Tal 
van figuren en fraaie foto’s sieren dit deel. 

Het boek wordt besloten met een determinatietabel 
(Deel III). Het prettige van deze tabel, naast zijn over- 
zichtelijkheid, is, dat bij elk der mineralen de pagina 
is aangegeven waar de beschrijving in deel II is terug 
te vinden waardoor het hinderlijke terugzoeken via de 
index aan het eind van het boek wordt vermeden. 

De schrijvers zijn erin geslaagd een voortreffelijk 


leerboek samen te stellen dat uitmunt door duidelijk- 
heid zowel van de tekst als van het illustratiemateriaal. 
Druk en uitvoering van het geheel laten eveneens wei- 
nig te wensen over. 


Het boek kan worden aanbevolen voor studenten en 
voor allen, die met mineralen te maken hebben of er 
zich bijzonder voor interesseren. De betrekkelijk uitge- 
breide mineraalbeschrijvingen maken dat het boek zijn 
waarde voor de afgestudeerde geoloog en mijningenieur 
zal blijven behouden. Helaas zal voor vele studenten 
de prijs van het boek te hoog liggen. 

OxP 


Allgemeine Mineralogie, von R. Brauns & K.F. 
Chudoba. 120 S., mit 120 Fig., 1 Tafel, 3 Tab. 
(Sammlung Göschen Bd. 29.) Walter de Gruyter 
& Co., Berlin 1958. Prijs ing. DM 3,60. 
Spezielle Mineralogie, van R. Brauns & K. F. 
Chudoba, 170 S., 125 Fig., 3 Tab., (Sammlung 
Göschen bd. 31/31a). Walter de Gruyter & Co., 
Berlin 1959. Prijs ing. DM 5,80. 


De thans verschenen 10e druk van bovengenoemde 
werkjes is, op enkele kleine herzieningen en aanvul- 
lingen na, gelijk aan de vorige, in 1955 uitgegeven, 
druk. Het verschijnen van een nieuwe druk bewijst wel 
dat de vraag naar deze voortreffelijke boekjes geenszins 
is afgenomen. De bekendheid die zij in wijde kring 
genieten maakt een uitgebreide bespreking van de 
behandelende materie overbodig. 

Wel moge gememoreerd worden, dat sedert de 9e 
druk beide werkjes in de plaats gekomen zijn van het 
boekje "Mineralogie", eveneens uit de S.G. reeks. 

Het bandje "Allgemeine Mineralogie” behandelt de 
grondslagen der mineralogie: kristalyormen en kristal- 
groei, symmetrie en kristalklassen, roosterbouw en 
röntgenanalyse, de fysische en chemische eigenschappen 
der mineralen en tenslotte hun ontstaan, voorkomen en 
omzettingen. Voor de kristaloptiek wordt verwezen 
naar het speciale bandje S.G. no. 619. 

Het deeltje "Spezielle Mineralogie” omvat de be- 
schrijving van de belangrijkste mineralen. Gegeven 
worden: de algemene kenmerken, de gesteenten waar- 
in de mineralen voorkomen, hun belangrijkste vind- 
plaatsen en het gebruik. De nadruk is vooral gelegd 
op de ertsmineralen en edelstenen. Het boekje wordt 
besloten met enige tabellen w.o. een tabel van de opti- 
sche kenmerken der beschreven mineralen. 

De beide werkjes behoeven ‚geen aanbeveling, zij 
hebben hun weg reeds gevonden en het zal dan ook 
geen verwondering wekken indien binnen enkele jaren 
wederom een nieuwe druk noodzakelijk zal zijn. 
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The future of non-ferrous mining in Great Bri- 
tain and Ireland. A symposium. Proceedings of 
a symposium arranged by the Institution of 
Mining and Metallurgy in collaboration with 
the United Kingdom Metal Mining Association, 
held on 23rd and 24th September, 1958. XXVI 
+ 614 p., illus. The Institution of Mining and 
Metallurgy, London 1959. Prijs geb. 60 s. 


Het op 23 en 24 september 1958 te Londen gehou- 
den symposium over de toekomst van de ontginning 
van ertsen van non-ferrometalen in Groot-Brittannie 
en lerland ontleende zijn rechtvaardiging aan de bij 
vele deskundigen heersende opvatting, dat deze industrie, 


y 


welke een honderd jaar geleden op de Britse eilanden 
een bloeitijdperk beleefde, doch sindsdien belangrijk 
in omvang verminderde, weer tot nieuw leven zou kun- 
nen worden gebracht door het opsporen van nieuwe, 
nog aanwezig geachte ertsreseryes met moderne op- 
sporingsmethoden en tevens door het scheppen van re- 
geringswege van gunstige fiscale voorwaarden. 


Het verslag van de gehouden samenspraak omvat 
een 24-tal artikelen door deskundigen op verschillend 
gebied. Zeventien van deze bijdragen handelen over de 
geologie, de geschiedenis en de toekomst van de voor- 
naamste gemineraliseerde gebieden in het Verenigde 
Koninkrijk en Ierland, terwijl de overige zeven bespre- 
kingen inhouden van nieuwe exploratietechnieken, ont- 
ginningsrechten, mijnbelasting, metaalprijzen, en van 
de vraag hoe de metaalmijnbouwindustrie tot nieuw le- 
ven kan worden gebracht. Achter ieder artikel is de op 
het onderwerp betrekking hebbende discussie afgedrukt, 
terwijl aan het einde van het verslag samenvattingen 
worden gegeven. De gebieden, welke in de diverse bij- 
dragen de revue passeren, zijn Ierland (Eire), Noord- 
lerland, het Leadhills-Wanlockhead mijnbouwdistrict, 
Islay op de Binnen-Hebriden, Schotland, de Northern 
Pennines, het Lake District, Derbyshire, Noord-Wales, 
Denbighshire, Midden-Wales, westelijik Shropshire, 
Anglesey, Zuidwest-Engeland in het algemeen, en Corn- 
wall. Belangrijk zijn ook de beschouwingen van resp. 
Prof. W. R. Jones en C. P. Bates, waarin de tegenover 
elkaar staande standpunten van Staatseigendom en par- 
ticuliere eigendom van delfstofafzettingen worden ver- 


dedigd. 


Het eigenlijke symposiumverslag wordt voorafgegaan 
door het verslag van een rede van Dr. Anton Gray (the 
fourth Sir Julius Wernher lecture) over de toekomst 
der ertsexploraties in de westelijke wereld. Aan deze 
magistrale toespraak kunnen wij ontlenen, dat de spre- 
ker tot de conclusie is gekomen, dat over de gehele 
wereld alleen al op basis van vraag en aanbod vöör 
het einde van deze eeuw nieuwe ertsreserves moeten 
worden gevonden indien men wil vermijden, dat er 
grote tekorten ontstaan. De prospectie onder leiding van 
particuliere kapitaalsbelangen zal moeten worden ver- 
vangen door een opsporing onder leiding van de Staat, 
opdat de ertsproduktie kan worden gehanteerd als een 
wapen in de strijd tussen Oost en West. Welke rol de 
particuliere industrie zal spelen, zal afhangen van de 
politieke ontwikkelingen in de diverse landen. In ieder 
land zal de prive sector de sociale verplichtingen, welke 
door de tijden worden gevergd, dienen te aanvaarden 
en zijn bestaansrecht tegenover regering en volk moe- 
ten rechtvaardigen. 


Er wordt een sterk beroep gedaan op de mijnbouw- 
industrie, en in het bijzonder op de ertsgeologen, om 
zich te werpen op de studie van de structurele en che- 
mische aspecten van de gesteentemetamorphose, aange- 
zien de spreker in een juist begrip hiervan de sleutel 
meent te zien voor de oplossing van het vraagstuk der 
ertsgenese bij vele metalen. Men zal zich dienen te 
ontrukken aan de klassieke gedachteninstelling, volgens 
welke ertsvormingen genetisch in verband moeten staan 
met &@en of ander, vaak hypothetisch, magma, en zich 
vertrouwd maken met de opvatting, dat concentratie 
van metalen op ertsafzettingen in vele gevallen het ge- 
volg is geweest van stofverplaatsingen veroorzaakt door 
gesteentemetamorphose. Een instelling op deze gedachte 
zal het opsporen van nieuwe afzettingen onder glaciale 
bedekkingen, moerassen, verweringsgronden, e.d., ver- 
gemakkelijken. 

Inzake de keuze van wijzen van opsporing meent 
Dr. Gray, dat de elektrische, de magnetische en de ra- 
dioactieve opsporingsmethoden door hun 'beperkt se- 
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lectief karakter in hoofdzaak geschikt zijn voor het tra- 
ceren van de ondergrondse voortzettingen van bekende 
afzettingen. Hij meent echter, dat daarentegen aan de 
geochemische werkwijzen een belangrijke toekomst kan 
worden toegemeten, omdat zij leiden tot een directe 
kennis van de verspreiding der chemische elementen in 
de aardkorst, hetgeen voor het vinden van nieuwe erts- 
voorraden van kapitaal belang moet worden geacht. 
Het werk is typografisch keurig verzorgd en ge- 
illustreerd met een aantal geologisch-ertskundige kaar- 
tjes, getekende profielen en grafieken, foto's en tabellen. 


J:W. 


The Earliest Geological Treatise, (Nicolaus Ste- 
no, 1667) translated from Canis Carchariae Dis- 
sectum Caput, with introduction and notes by 
Axel Garboe. MacMillan & Co., Londen, 1958. 
Prijs 15 sh. 


Axel Garboe heeft een andere waardevolle bijdrage 
geleverd tot het toegankelijk maken van de oudste 
geologische geschriften met de publikatie van boven- 
vermelde verhandeling in de oorspronkelijke Latijnse 
tekst samen met een Engelse vertaling. 

Het is een passage uit een hoofdzakelijk anatomisch 
werk van de Deen Steno (1638—1686) die in Floren- 
ce, onder het patronaat van de Medici, zich aan de na- 
tuurwetenschap heeft gewijd; Steno was de eerste 
auteur die uit waarneming en door inductieve redene- 
ring een schets heeft gegeven van de wordingsgeschie- 
denis van de aarde. De thans opnieuw uitgegeven pas- 
sage is naar inhoud een voorloper van zijn beroemd 
geworden boek over geologie: De Solido intra Solidum 
naturaliter Contentu Dissertationis Prodromus (1669) 
en kan met recht beschouwd worden als de oudste 
geologische "verhandeling”. 

Reeds lang waren van het eiland Malta, z.g. 
”glossopetrae”” bekend, waarin dus een gelijkenis met 
de menselijke tong werd gezien en die, volgens de 
overlevering, op maanloze nachten uit de hemel zou- 
den zijn gevallen. De overeenkomst van de glosso- 
petrae met haaietanden was al in 1565 door Conrad 
Gesner opgemerkt, maar Steno was de eerste die in een 
wetenschappelijk betoog daaruit de consequentie trok 
dat het gesteente waarin zij voorkomen als slib in de 
zee moet zijn afgezet en zich dus kantte tegen de heer- 
sende mening dat fossielen in de bodem zouden 
”groeien”. Dit voert hem tot het algemene begrip 
sedimentatie, het bezinken van klei en zand in tot stil- 
stand gekomen water, zoals hij dat in riviermonden 
heeft waargenomen. Niet geheel juiste vergelijkingen 
worden getroffen van bezinking uit suspensies van 
zand en klei met chemische neerslag en met uitkristal- 
lisatie bij verdamping. De verharding van het gesteente 
ziet hij, evenals Pallisy, als het gevolg van uitkristalli- 
satie uit mineraliserende oplossingen. 

Steno beschrijft ook de gelaagdheid en tracht te ver- 
klaren hoe oorspronkelijk horizontaal afgezette lagen 
thans kunnen hellen. Aardbevingen en inwendig vuur 
zouden onderaardse holten doen ontstaan; de dekkende 
lagen zouden inzakken en aldus worden scheef gesteld. 
De serie "genetische profielen” in Steno’s Prodromus 
(1669) geeft dit proces in beeld weer en laat reeds in 
principe de discordantie zien. (Zie Adams, 1938: The 
Birth and Development of the Geological Sciences, fig. 
61). In de onderhavige verhandeling weidt Steno slechts 
weinig uit over de bouw van de fossiele haaietanden 
in vergelijking met die van de recente dieren. Als be- 
wijs van overeenkomst wordt alleen een illustratie uit 


een ouder werk overgenomen. 
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